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CONDENSED PYRROLE COMPOUNDS—I 


3H-PY RROLO(2,3,-c)QUINOLINES 


ARSANAM 


Tetrahedron, 1961, Vol. 16, pp 4. Pergamon Press Ltd. Printed in Northern Ireland = 
+ 
T. R. Govinpacuarl, S. Rasappa and V. SUDA 
$3 
Departme Chemistry, Presidency College, Madras 
VULe Abstract—The s esis < H- 2,3-C es Dy e Fische 3 is 
renor 
‘ : ECHITAMYRINE obtained by the selenium dehydrogenation of echitin ge Was snown to 
be 3-methyl-3H-py 2,3-c)q e (1: This c und, als tained by oxida- 
J 
tk f calvea silver acetate* has been synthesized by Eiter and Nagy” using 
a a Madelung type ring closure on N-formyl-3-amino-lepidine ved by N-methyl- 
ia metnod for the synthesis of this type of compound, since the Ooniv 5-quinoivinycrazone 
cyclized 1s tha eXa in genera appears ep tne literature 
resuits Nave Deen reported il e cve acet e 2-Qu craz and witht 
Okuda and Robis ive reporte e cvycliza eXa e 2-pyridyvi- 
vor aliec ‘ © yvora es acetal- 
=. amounts Zinc ride. ind vara es cve exa e nave 
a iarge eXcess us Z ri-p\ 2.3-C)gU 
agreeing well if and U.V. spectri e data re riter and 
orresponding pvri by nhvdrous zine c ride in p-cvmene 
T. R. Ss. R ‘4 
K. Eiter and M. Nagy, 80, 607 (194 
*G. R. Clen re 
*S. Ok iM.M.R Soc. SI, 740 (195 
*G. E. Ficke Ke 202 (195 
G. Mann, A. I Willcox, 353 
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n recorded 
hhuorescence 
hilt of 

g attached 


ts a Diue thuorescence 


RIMI 


ide 


lvent 

10°*mm 

ine (100 me), 
(Eiter and Nagy’ 


m.p 


report 


one (0-5 ml) and acetic acid (a few 


(1960) 


2 
ia R R H 
ib R R H 
H: R CH k H 
lid R H; R R CH 
R H: R CH CH 
if R R R Hi 
le R H: R C.H,: R CH 
lh R H: R R CH 
Me [he U.V. absorption characteristics of the pyrroloquinolines have b Eee 
a in Table 1. The simple 1 exhibit a characteristic violet 
48 in acid solutio In t U.V. spec there 1s as expected a bathochi 
about uot pan If cre isa eny 
to the 2-position of the pyri quinoline, the compound Oh 
even in neutral solution 
EXPE 
Pyru (4 refluxed ilcohol for 15 min 
hy 6? H. 48. C,.H..O.N C, 629; H, 48°.) 
and « The } t and the 
i th ter (2 
precipit viel ester (2 2), MJ 
> xed freshly fused zinc chia 
($5 e) and | tirred fre ently After cooling, 
evaporates Mater three ch batches was sud cd at 
Crvsta it e sul te fr xenzene vielded 3H-pyrr 2,3-c) 
228-230". (Found: C, 788; H, C,,H,N, requires: C, 78:6; H, 
Acetone 3-quinolylhydrazone. 3-Quinolylhydrazine (1 g), acct 
CY. C. T. K. Adler and A. Albert, J. Chem. Soc. 1794 


Condensed pyrrole compounds 


TABLE | 


solution Acid solution 


* Inflexion 


drops) were refluxed in alcohol for 15 min, to yield the Aydrazone (1 g), m.p. 194-195 °, (from methanol) 


(Found ( 72:7: H, 6 , ( N requires ( d H, ¢ 
2-Methyl-3H-pyrrolo(2,3-c)quinoline (1 b) g modified method was adopted for the 


5°.) 


cyclizati hydrazones lrazone (1 with fused 
chloride + 27) in p-cymene After decanting the p-cyn ne § was washed with a 
little ether, then digested hloric acid and the acid solution { <d into a well 
j ml). The base was extracted in chloroform, dried and the 

Elution 


-cooled 


sodium hydroxide solution (2 


solvent evaporated The residue was chromatographed in benzene solution over alumina 


of 
- — — - 
max low « max log « 
Ib 240 4-47 230 +37 
0 +03 342 +-03 : 
I 2w 1-54 262* 3-66 
1.9 
Id 20 1-38 
240 
396 
4 
240* 41-45 
4 
| 
j 
240 4-43 
260 1-43 
+35 4-44 
il 240 1-45 235 
245 4.95 260 4.99 
150 403 
4.38 1945 4.42 
iil 245 
27 1-466 
300 +3] 
j 
355 4-29 
3-74 
405* 3-40 
ie 
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with benzene removed the impurities Subsequent elution with 0.5 alcoholic benzene and crystal- 


lization from methanol-benzene yielded t yy yguinoli 100 mg), m.p 218-219 (Found 


(decomp) (1 


1.2-Di thyl-3H-p vl ket }-guinolylhydrazone was 


prepared a sual azo Sg : l as bel and product sublimed at 
200 10 m ysta ition of 1 ite fror b ve vielde 2H eth H- 


requires 


Acetopher ydrazone wi | I iS anne! st from 


luc 245 


prod t Sg) yst ed f1 to give t ) ne (Le) 

(Found yase yielded ate, M.p 
230-23 oun gu 3: ) 

he usual manner and 

C, 78-6; H, 


ed as before 


zone (1-5 
by the usual pr I rolor ind cryst 1 methanol 


yielded the o1ogi und requires 
It had 


as usual 

und (1; 

H, 5-2%) 

ly mixed with 
Ww solid was 


(decomp) 


the microanalyses and to the 


Government of Inc or the award of ; seal ain p (to V. 8.) 


4 
2 5 mg), m.p. 230-232°. (Fo H, 5:8. 
pyrrolo(2,3-c)quinoline (Ic; 25 mg), m.p. 250-252 ound 13 
prepared the usui er W biected to | cher m as above to yield the pyrrolo- 
minoline (1 d; 0-4 After crystallization it had m.p. 203-204 Found: C, 80-3; H,6°3. Cy,HyN 
(1 f). The hydrazone (0.9 g) was cycliz 
> 
to give, after crystallization from benzene-—petrole ether, the quinoline (1 0-2 ¢),m p.216 
217°. (Found: C, 841; H, 5-7. requires: C, 83-7; H, 5-4%) 
Desoxyb froin 3-guinolylhydrazone a epared as by refluxing desoxybenzoin with 
3-guinolylhydrazine in alc Crysta it from met rave the Aydrazone, m.p. 169 171 
m.p. 178-180. (Found: ¢ 19-5: H 6. C,.H,-N, requires: C, 79°4; H, 5°9°,) 
12,.13-Dihydro-7H-d ne (11). The above hydrazone (1 g) was cys 
oa with zinc c ride in p-cymene. C1 ation from chliorotor nethanol gave the 
ee 0-25 2g), m.p. 333-335 (decomp). (I i: C, 84-7: H, 5-0. C,,H,,N. requires: C, 8 ; 
7H-dibenz(c.i)-/)-ca The above dihydro comp d (0-4 ¢) was intimat 
paliadized charc (0-4 ¢) and heated at 280-300 The sublimed yell 
crystallized irom pyriaine-t ene give e diber “Ca UO mg), ! p. 254 
(Found: C, 84-9: H, 4-9. C,.H,.N,. requires: C, 85:1; H, 4°5 
icknowl nts—We are grateful to Mr. S. Selvavinayakam for 
: 
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THE SYNTHESIS OF ¢-CARBOLINE DERIVATIVES 


A SYNTHESIS OF SOME 12 H-INDOLO[2,3-aJPYRiIDOCOLINIUM SALTS, 


INCLUDING FLAVOPEREIRINE! 


YOSHIO BAN and MASAKO SEO 
Faculty of Pharmaceutical Sciences, School of Medicine, Hokkaido University, 
Sapporo, Hokkaido, Japan 


(Received 8 May 1961) 


Abstract new method for synthesizing 6,7-dil 2 H-indolo[2,3-aj pyridocolinium bromide in 
one step from 3-(2-bromoethy! ole and 2-halogenopyridi ribed hist 10d was applied 
to tl hes fla , rin an alk yd isolated fron €1SSO rus or vellosii The 


this reacti 


IN this paper we wish to report in detail a method for the synthesis of /-carboline 


derivatives, including 6,7-dihydro-12 H-indolo[2,3-a]pyridocolinium salts (I, R H) 
and the octahydrocompound (II), both of which constitute the fundamental ring 


system related to the structures of alstoniline,* flavopereirine®? and other indole 


alkaloids which have already been synthesized independently by several groups.*-* 


Of these the method of Sugasawa® and of Reckhow’ generalized by Swan® may 


be applicable to the syntheses of various /-carboline derivatives, as shown by the 
synthesis of the parent compounds I (R H) and Il. The former method was further 
applied to the syntheses of 6,7-dihydro-!2 H-benz[f]-(II1),’" 8,9-dihydro-14 H-benz[h]- 
(IV, R H)'® and 2,3-dimethoxy-8,9-dihydro-14 H-benz[h]-indolo-[2,3-a]pyrido- 
colinium salts (IV, R = OCH.):" and the latter was extended to include the 
syntheses of flavocoryline (V, R = C,H;),” flavopereirine (V, R = H)’ and sem- 
pervirine (V1),"* etc. 

In order to gain some further information concerning the relationship between the 
stereochemistry and activity of /-carboline derivatives, a general method for the 
synthesis of these compounds is being investigated. Therefore, as a preliminary, the 
preparation of 1-[2-(3-indolyl)ethyl]-2(1H)-pyridone (X, R = H) as a key intermediate 


for the synthesis of If was undertaken. 
' A preliminary communication of a portion of the results now reported has been pub Y. Ban and 
(Miss) M. Seo, Chem. & Ind. 235 (1960) 
= R. C. Elderfield and S. L. Wythe, J. Org. Chem. 19, 683 (1954). 
O. Bejar, R. Goutarel, M. M. Janot and A. Le Hir, C. R. Acad Sci., Paris 244, 2066 
N. A. Huges and H. Rapoport, J. Amer.Chem. Soc. 80, 1604 (1958). 
* L. H. Groves and G. A. Swan, J. Chem. Soc. 650 (1952) 
> W. A. Reckhow and D. S. Tarbell, J. Amer. Chem. Soc. 74, 4956 (1952). 
®* S. Sugasawa, M. Terashima and Y. Kanaoka, Pharm. Bull. Japan 4, 16 (1956). 
7 R. C. Elderfield, J. M. Lagowski, O. L. McCurdy and S. L. Wythe, J. Org. Chem. 
*L. Keufer, Ann. pharm. Franc. 8, 816 (1950); Chem. Abstr. 45, 10246 (1951). 
*K. B. Prasad and G. A. Swan, J. Chem. Soc. 2024 (1958) 
10S. Sugasawa and S. Takano, Chem. & Pharm. Bull. Japan 7, 417 (1959). 
11S, Sugasawa and Y. Deguchi, Chem. & Pharm. Bull. Japan 8, 879 (1960). 
12 G. A. Swan, J. Chem. Soc. 2038 (1958). 
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After a number of fruitless experiments, the condensation of 3-(2-bromoethyl)- 
indole (VII) with 2-chloropyridine to furnish |-[2-(3-indolyl)-ethyl ]-2-chloro-pyri- 
dinium bromide (1X, R H. X Cl) was performed, as the latter should readily give 


rise to the desired pyridone on hydrolysis. 


(i) Sugasawa's method 


VI 


The condensation of 3-(2-bromoethyl)-indole (VII) and 2-chloropyridine (VIII, 
R = H, X = Cl) resulted in a low yield of a yellow crystalline solid. From inspection of 


its ultra-violet absorption spectrum, which was quite different from the sum of VII 
and VIII—HBr(R = H, X Cl), this could not be the expected pyridinium bromide 


CH.N(C.H CH.CN 
H H 2 
— 1(R*H, X=B6r) > 
, 
x x 
N 
ix 
{ Swon's methoc 
- I(R =H, I 
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+ 
H 
« 
R 


The synthesis of /-carboline derivatives—I 


(IX, R = H, X = Cl), but was thought to be 6,7-dihydro-12 H-indolo[2,3-a}pyridoco- 
linium bromide (I, R = H, X = Br), which had been described by Sugasawa® and Swan® 
independently. Its high melting point (325-330° with decomposition) also seems 
compatible with I rather than with IX (R = H, X = Cl). This view was supported when 
the reduction of this compound afforded the octahydro-compound (II), which was 


Flavopereirine 


perchlorate 


XI 


identical with a specimen kindly supplied by Prof. Sugasawa. Careful search for the 


possible intermediate, | -[2-(3-indolyl)ethyl]-2-chloropyridinium bromide (IX, R = H, 


X = Cl) was made, but (I, R = H, X = Br) was the sole product isolated and 
characterized. The one-step synthesis of pyridocolinium salt was thus effected 

Experiments were next conducted to improve the yield of the condensation product 
and at the same time to acquire insight into the mechanism of this new reaction. 

A yield of 31-2 per cent of the pyridocolinium bromide (I, R H, X Br) was 
obtained when a 1:2 molar mixture of VII and 2-chloropyridine was heated on a 
steam bath for 10 hr. Increasing the molar ratio of VIII (R H, X Cl) to VII, 
e.g. 5: 1, and using a solvent such as benzene, toluene etc. did not further improve the 
yield. 

When, however, 2-bromopyridine was used in place of 2-chloropyridine the yield 
of the product rose to 40 per cent, the higher pXa value (0-90)"* of 2-bromopyridine as 
compared with that of 2-chloropyridine (0-72)"° seemed to be responsible. In con- 
formity with this view the more basic 2-iodopyridine (pKa 1-82)" furnished the 
product 1(R H, X Br) in 54-6 per cent yield. 

rhe ease of quaternization should be in keeping with the increase of pXa value of 
2-halogenopyridines, provided the steric requirement of the halogen atom at 2-position 
does not exert a critical influence upon the quaternization reaction. If so, these find- 
ings suggest that this reaction is initiated by the formation of 1-[2-(3-indoly)ethyl]-2- 
halopyridinium bromide (IX, R = H, X = halogen atom), with the enhanced activity 
of the halo-atom at 2-position and formation of pyridocolinium bromide (I, R H, 


X Br). 


13 E. A. Braude and F. C. Nachod, Determination of Organic Structures by Physical Methods p. 597. Aca- 
demic Press, New York (1955) 
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2-Chloro-5-methoxycarbonylpyridine (VIII, R = COOCH,, X = Cl) is suitable 
material to justify the above view. The chlorine atom in this compound is rather 
active, due to the labilizing influence of the electron attracting group at 5-position in 
addition to an inductive effect of the neighbouring nitrogen. On the other hand, 
however, the feable basicity of this compound being incapable of forming a stable 
hydrochloride salt, would render the initiation of the first stage quaternization so 
difficult as to interfere with the following condensation to form the product I (R 
COOCH,, X = Br). Actually, when the condenstaion of this compound with VII was 
carried out by heating the mixture in a slow current of hydrogen for 20 hours, the 
pyridocolinium sait (I, R = COOCHs,, X = Br) was produced only in [1-1 per cent 
yield, which result lends support to the above mentioned mechanism \ similar 
mechanism was also proposed by Wiley et a/.™ in the cyclization of |-phenethyl- 
2(1H)-pyridone derivatives 

Further speculation on the use of catalysts favouring the formation of electo- 
philic fragments which might promote the rate of this reaction, made us condense 
2-bromopyridine with VII in the presence of aluminum chloride. As was expected, 
the yield of the pyridocolinium bromide ( IR H, xX Br) was raised to 60 per cent 
and compared favourably with the yield of 40 per cent without a catalyst. These 
results are summarized in the Table in the Experimental section 

This reaction was now extended to include the synthesis of flavopereirine, an 
alkaloid isolated from Geissospermum laeve or vellosii by Janot™ and independently 
by Rapoport®’ and synthesized by Swan,” Janot” and Kaneko." The starting material, 
2-chloro-5-ethyl-pyridine was derived from |-methyl-3-ethyl-6(1H)-pyridone (XI) 
which had been synthesized by Sugasawa ef al ‘7 unequivocally establishing its 
structure. This pyridone was treated with a mixture of phosphoryl chloride and 
phosphorus pentachloride to give 2-chloro-5-ethyl-pyridine (VIII, R = C,H;, X = Cl), 
having a 2-chloropyridine-like odour. When condensed with 3-(2-bromoethyl)-indole 
(VII), this base (VIII, R = C,H,, X = Cl) gave the corresponding pyridocolinium 
bromide (I, R = C,H,, X = Br), in 31 per cent yield and the ultra-violet absorption was 
identical with that of the nitrate of the same base described by Swan.” Furthermore, 
following the dehydrogenation procedure given by Swan, the bromide (I, R = C,Hs, 
xX Br) afforded flavopereirine perchlorate (V, R H, X = ClO,), m.p. 308" (de- 


comp), identical with a sample of the natural alkaloid kindly supplied by Dr. Kaneko. 


EXPERIMENTAI 


Melting points are not corrected 


6,7-Dihydro-12 H-indolo[2,3-alpyrido Br) 


ndole (VII) and 454 m 


(a) Without a catalyst 


pyridine was heated on a bo > wat vath f hr, t olour of the reaction mixture changed from 


pale yellow to red after 2 hr and crysta yi ippear att hr. On cooling, absolut ther was 
added to the reaction mixture to remove | tarting materials, and 546 mg (81 per cent) of orange 
solid were obtained. but judging from the light absorption, these were still slightly contaminated with 


the starting materiz The product, dissolved in 3 ml ethanol was poured onto a column containing 
activated charcoal Elution of this col 1 with ethanol afforded a main fraction of yellow crystals, 


(31-2 per cent) of yellow 


which were recrystallized from ethanol (or methanol-ether) to give 210 mg 


4 RH. Wiley. N. R. Smith and L. H. Knabeschuh, J. Amer. Chem. Soc. 75, 4482 (1953). 
16 A. Le Hir, M. M. Janot and D. van Stolk, Bul/ x. Chim. Fr. 551 (1958) 

% H. Kaneko, Yakueaku Zasshi 80, 1374 (1960) 

17S. Sugasawa and M. Kirisawa, Pharm. Bull. Japan 3, 190 (1955) 
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needles, m.p. 325-330°. (Found: C, 59-95; H, 4-36; N, 9-01. C,;H,,;N,Br requires: C, 59-82; H, 
4:35; N, 9:30 per cent). U.V. (95 per cent EtOH) Amax 253 my (log E 3-92), 315 my (log E 4-14) 
and 385 my (log E 4-16): Amin 239-5 mu (log E 3-85), 276 mu (log E 3-44) and 343 mu (log E 3-89). 

In a like manner 2-bromopyridine afforded the same product in a yield of 40 per cent and the 
purification was easier 

(b) With aluminum chloride. To a solution of 448 mg 3-(2-bromoethyl)-indole and 632 mg 2- 
bromopyridine in 5 ml absolute benzene, 400 mg aluminum chloride was added and the mixture 
refluxed for 5 hr, with separation of a red amorphous solid from the yellow benzene layer. On 
cooling, a small amount of water was added, and the yellow-green solid collected by filtration. The 
aqueous layer of the filtrate was extracted with benzene to remove the starting materials. The solid 
dissolved in warm water was combined with the aqueous solution of the filtrate, and the whole was 
saturated with potassium iodide to give 562-4 mg (80-2 per cent) of an orange precipitate. The iodide 
was shown to be nearly pure, judging from its light absorption, and was converted to the corre- 
sponding chloride in the usual way. The latter was recrystallized from ethanol to give 310 mg (60 per 
cent) of orange yellow needles, m.p. 305° (decomp). When toluene was used as a solvent in this 
reaction an impurer product was obtained 

TABLE 


Molar ratio of 2-H ilogeno- Sol Reaction Temperature Yield of I 
soivent 
Vill to VII pyridine time (hr) (C) (R=H)(%) 


4 


-chloro- benzene reflux 


-chloro- benzene renhux 
chloro- 100 
-chloro- 100 
-chloro- 100 


-chloro- toluene reflux 


bromo- benzene reflux 


~ 


-bromo- benzene 
(with AICI.) reflux 
1iodo- 100 


he crude product 


* The figures in parentheses indicate the yield (%) of t 
1,2,3,4,6,7,12,12b-Octahydro-12 H-indolo{2 3-alpyridocoline (Il) 


A solution of 50 mg 6,7-dihydro-12 H-indolo[2,3-a]pyridocolinium bromide (I, R H, X = Br) in 
10 ml 50 per cent ethanol was subjected to hydrogenation over Adam’s catalyst at room temp and 


under atm press, 3 molar equivalents of hydrogen being absorbed in 2} hr. The light absorption of 


the reduction solution was in good agreement with that of indole, indicating the absence of the 
starting material. After filtration of the catalyst and evaporation of the solvent in vacuo, there re- 
mained a pale yellow residue, which was dissolved in 4 ml water, and the aqueous solution was basified 
with 10 per cent sodium carbonate. The white precipitate (m.p. 147-148", 30 mg) collected on a filter, 
was recrystallized from n-hexane to yield 25-6 mg (68-1 per cent) of white pillars, m.p. 152-153°, which 
was identical with a sample synthesized by Sugasawa,* by mixed m.p. and infra-red absorption com- 
parison. (Found: C, 79°51; H, 7°83; N, 12°65: C,,H,.N, requires: C, 79°60; H, 8-02; N, 12-40 per 


cent). U.V. (95 per cent EtOH) A,,,, 226 mm (log E 4°67), 283 my (log E 3-88) and 290 my 


(log E 3-80); A,.), 247 my (log E 3-33) and 288 my (log E 3-77) 


3-Methoxycarbonyl-6,7-dihydro-12 H-indolo{2,3-a]pyridocolinium bromide (1, R COOCH,, X = Br). 


A solution of 2:24g 3-(2-bromoethyl)-indole (VII) and 3-43 g 2-chloro-5-methoxycarbonyl- 
pyridine (VIII, R COOCH,, X Cl) in 40 ml toluene, was heated under reflux for 20 hr in a slow 
current of hydrogen. On cooling, absolute ether was added and the orange precipitate collected, 
yield 1-3 g (37-7 per cent). This was found to be free from starting materials by its ultra-violet 
absorption spectrum, and recrystallized from methanol to furnish 400 mg (11-1 per cent) of orange 
needles, m.p. 269-270". (Found: C, 56-75; H, 4:23; N, 7:34. C,;H,,;N,O,Br requires: C, 56-82; 
H, 4:17; N, 7:75 per cent). U.V. (95 per cent EtOH) Amax 260 my (log E 3-86), 339 my (log E 4-14) 
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and 406 mu (log E 4 ; (log E 3-86), 285 mp (log E 3-17) and 357 my (log E 4-06) 


I.R. (Nujol) : 17Wen O), 3450 —NH—), 745 cm™ (out of plane CH-bending 


vibration of the benzene 


4 synthesis of flavope re 
2-Chloro-5-ethylpyri 3-ethyl-6( 1 H)- 

pyridone and phos loride, 3 10s ichlorid is d the 

ra 

basified 

extractca 

dried ov 

115°/35 

per cc 


water 


0-015 N-KOH 


249 my (log 


‘We 
and docs not form picrat 
3-Ethyl-6,7-dihydro-12 H-ind ),3-alpyridocolinium bromide (1, R X Br) 
A mixture of 448 mg 3+2-br dole (VII) 2-chloro-5-cthy ridine (VIII, 
R X = was heated b r bath for 13 riving range precipitate. On 
cooling, absolute ether v ed and the or d rec ed from ethanol to give 205-3 mg a 
(31 per cent) of ye needle 320° (dec p C, 62:29: H, 5-25. C,,H,,.N,Br 
requires: ©, 62-00; H, 5:16 perc UN 5 per cent EtOH 253 mu (log E 3-91), 315 my 
(log E 4-16) and 395 1 E414 24 3% 275 (log 3°50) and 345 my 
(log E 3-88). (b) / 2¢ log 4-03), 361 n vw E 4:10) and 422 m 
(loge E 4-21): Amn 3-88), 295 mu (log E 3-40) and 383 mu (log E 4-06) 
3-Ethy!l-12 H-ir 2.3-a d nium hlorate (Flavopereirine perchlorate) 
(V.R H,X = ClO 
Accor wocedure’ U ipove D de R C.H xX Br vas dchydrogenated 
with tet bx perc te, pale p. 308 
(Found: N. 7-88. C,.H,.O.N.Ci 8-08 per cent). 0-015 N-HCIL-EtOH) 
238 E 4°57), 294 E422 sO E431 E421). 273 
oe (log E 4-04), 30 E4 380 E41 015 N-KOH-EtOH) / 23 
(log E 4-39), 2¥ E 4-38), 289 E45 4-09), 5651 4-36), and 
lg 450 n E 373 233 E. 4:39), 264 mu (log E 4:14), 310 mau (log E 4-06), 328 my 
(log E 4-0 imd 415 
Thus gent | tural flay e perchlorate kindly supplied Dy 
Kancek Dy a mixed p. (308 )a ira-re pectral compariso! 
emer thor very grateful to Profe S. Sugasawa, | ve y of Tokyo 
supply cc cre M K. cicement scs 
Gr M ft for the Grant Aid for Institu- 
bee in-Aid for Scientific R d als Mr. T. Tanemura, Fuji ! & Steel Co. Ltd. for kindly . 
supplying the coal-tar 
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Abstract—A novel synthetic method for /-carboline der \ ribed I ng paper, is 


nov pplied to th ynthes« lihvdro-l. vic lpvrick nium salt -dihvdro- 


14H-benz[hlindolo t-alpyrid ta empervirine the course of synthesis of semper- 
virine. 2-[2-(3 lolv) S-tetral juinolinium br de is obtained as an 


intermediate, lending strong port for the n anism previously proposed 


THE preceeding paper’ described a new method for the syntheses of 6,7-dihydro-12H- 
indolo[2,3-a]pyridocolinium bromide (I) and its homologs. In the present paper, 
extension of this method to include the syntheses of /-carboline derivatives con- 
taining five rings, such as VII, [IX and sempervirine (XIII) is described. 

As is well known, Potts and Robinson* developed a method for syntheses of 
pentacyclic hydro-/j-carbolines (III, R H, Me) by reductive cyclization of II(R 
H, Me), and this was later applied to the synthesis of alstonilinol by Elderfield.* Prior 
to Robinson's work, Julian and Magnani* conducted the reductive rearrangement of 
a 3-spiro-oxindole (IV, R Me)’ to IIT(R Me) and were led to consider the method 
of Robinson, but they confined the application of their method to the rearrangement 
of IV 

On the other hand, VII and IX were synthesized by Sugasawa* and the method 


applied to the synthesis of 6,7-dihydro-12H-indolo[2,3-a)pyridocolinium bromide 


(I) 
Though Swan (with Prasad)* attempted in vain to synthesize these compounds prior 
to Sugasawa et al., he succeeded in synthesizing sempervirine (XII1),° an alkaloid 


from Gelsemium sempervirens, Ait., of which the methochloride had been first 


synthesized by Woodward and McLamore.’ 
The one-step synthesis of pyridocolinium salts has been successfully applied to 
the synthesis of these compounds 
The synthesis of 6,7-dihydro-12H-benz[f]indolo[2,3-a}pytidocolinium bromide 
(VII) has been achieved from a 1:2 molar mixture of 3-(2-bromoethyl)-indole (V) and 


2-chloroquinoline (VI) and the pure product, in 15-7 per cent yield, was shown to be 


! Part I. Y. Ban and M. Seo, Tetrahedron 16, 5 (1961) 
r Robert Robinson, 
ind B. A. Fischer 
nd A. Magnat 

Belleau, Chem. & Ind. 299 (1955 an and ishi, Jbid. 349 (1960) 

*S. Sugasawa and S. Takano, Chem wn u mm 7, 417 (1959) 
rasawa. M. Terashima and Y. Kanaoka em. & Pharm. B Japan 4, 16 (1956). 
asad and G. A. Swan, J. Chem. Sox 

4. Swan. J. Chem. Soc. 2039 (1958) 

1° R, B. Woodward and W. M. McLamore, 71, 379 (1949) 
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identical with 6,7-dihydro-12H-benz[f]indolo[2,3-a]pyridocolinium bromide (VII, m.p. 


308-311" (decomp)) synthesized by Sugasawa and Takano.** 

Similarly, the condensation of I-chloroisoquinoline and 3-(2-bromoethyl)-indole 
(V) afforded in 25 per cent yield, the 8,9-dihydro-14H-benz[h]indolo[2,3,-a]pyrido- 
colinium bromide (IX, m.p. 318-320°(decomp)) identical in all respects with that 
described by Sugasawa and Takano.** 


* All the necessary data were kindly supplied by Professor S. Sugasawa. 
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Finally, sempervirine itself was synthesized. From a 1:2 molar mixture of 3-(2- 
bromoethyl)-indole (V) and 3-chloro-5,6,7,8-tetrahydroisoquinoline (X), a compound 
was obtained as orange yellow crystals, m.p. 199-200", in good yield. Contrary to 


expectation, this compound, deduced by its light absorption (Fig. 1(1)) to be 2-[2-(3- 


~ 


\ 


\ 


\ 
\ 
\ 


\ 
\ 


\ 


ridocolinium chloride (XII, X 
in 0-015 N KOH-EtOH, 


indolyl)ethyl]-3-chloro-5,6,7,8-tetrahydro-isoquinolinium bromide (XI), may be 
obtained in better yield by heating equimolar mixtures of the stated materials. In con- 
formity with its structure, when treated with POCI, in xylene, it is converted to 

3,4,7,8-hexahydro-13H-benz[g]indoloj2,3-a]pyridocolinium chloride (XII, X = Cl), 
the physicochemical properties of which are in good agreement with Swan’s descrip- 
tion.’ In several experiments, using aluminium chloride or stannic chloride as a cata- 
lyst, the best yield of pure product was 18 percent. The reason why in this case only the 
intermediate product was isolated is not clear at present, but if does lend strong sup- 
port to the view that this type of compound is the intermediate in the one-step form- 
ation of pyridocolinium salts. Dehydrogenation of XII(X Cl) according to Swan 
using tetrachloro-o-benzoquinone, furnishes a product, characterized as 1 ,2,3,4- 
tetrahydro-13H-benz[g]indolo[2,3-a]pyridocolinium nitrate (XIII, X NO,), the 
infra-red spectrum of which is completely superimposable on that of sempervirine 
nitrate kindly supplied by Dr. Kaneko. 

EXPERIMENTAL 
Melting points are not corrected. 


6,7- bromide (VII, X Br). 


A mixture of 3-(2-bromoethyl)-indole (274 mg) and 2-chloroquinoline (400 mg) was heated in a 


: 
\ 
\ 
. \ 7 
| V / \ 
* \ 
3.5} 
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a Fic. 1. Ultra-violet absorption spectra 
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EtOH 
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ation of a red brown solid was accom- 


ipper par»rt vessel 


conacensel This was removed lly and 46 ecovered The hard red 
the bottom of the flask iS Pulverizec gd washed with abdsolute etfher 5 times 
materials. For further p hea this powder (450 mg) iS diss ed in 
a duct described by Sugasawa and Tak isn umount of 48 VC bromic te 
red orange needles, m.p. 308-311" (dec >). The infra-red ultra- 
ympoun ¢ ood eement Se VILCX Br) sy esized by Sug- 
— lhe bromide was converted to the corresponding chloride (VII, X = ¢ re 
77 71 ? < , 2 
271 decomp). (I ( 1-63: H 02: N, 83. C,H,.NA4 rae es 
mM: H, 4:89: N, 9-13 per cent). U.V. (95 perc EtOH 231 n yw E 4-35), 251:5 m 
4-23), 309 n og E 4:24) and 428 n og E 4:28 246 n 421), 272m 
ee and 34/7 n og E 3-64 
a The results of the condensation under various conditions are sun ed in Table 1 ; 
\4H-her nek mide (1X. X B | 
or 3 dole (6/2 mg ad i-< e mg) was Neate n 
wadroge US S hr precip e of 
Startes appe. ler . SOK e hvdroc was re eX 
j was added t xture emove the e rec 
ng), whic vas turther pur ad Dv IN I ) with 
1.9 7.77 1.94 1.3 7-97 
(Found: C, 648 H, 4-28; N C,,H,,N,Br re res: C, 64-9 H, 4:30; N, 7-97 per cent) 
U.V. (95 per cent EtOH) 272 n og E 4-03), 331 n E 3-92) and 432 mu (log E427). 
270 my (log E 4-01), 295 n og E 3-48) and 350 mu (log E 3-57). These physicochemical properties 7s 
Ce. are in good agreement with those of XI (X Br) synthesized by Sugasawa and Takano of SE es 
eo The results of the condensation under various conditions are summarized in Table 2 
oe A synthesis of semper ne nitrate 
(i) 2-[2-(3-indol vik ro-5,6,7 8-tetrahvar wn bromide An equimolar 
imo tol WSC te ene, and inc cater 1a water daln A precip- 
TABLE | 
Molar ratio of Reactio lemper: Yield of (VI 
Solvent 
VI to time (hr) 
2 100 2 (50-7)** 
— 2 15 100 11-2 (52-8)** 
ete **The figures in parentheses indicate the yield { of the crude product 
a was added, the mixture filtered and thoroughly washed with ether to allord orange yellow crystals 
yt ae 3-1 g (vield ca. 80 per cent). The filtrate combined with ether-washings was heated for a further . 
n rive } tort r\ fram th ssl ¢ » 2.9 @ 
1 additional ¢ op The total was rec sla ed tO Bive 
law blades, m.p. 199-200 (Found: C, 50°64 H, 4:81 N, 6 70 : 
56-92; H, 5:24; N, 699 per cent). U.V. (95 per cent EtOH) 
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(log E 4-00) and 289 my (1 3-90). Amin 252 mu (log E 3-61) and 


Cl) To a 


phosphoryl 


223 my (log E 4-40), 281 
193478-H 3~alowrid linium chloride (X11. X 
suspension of 200 mg of the quaternary bromide (XI) in 4 ml xylene was added 0-5 g 
cnioridce and the x e was re xed on a a ine Orange ye crystals turned into 
oo a red gum after 1 hr. After xylene i the excess phosphoryl c ride were evaporated vacuo, a 
a a brown powder (250 mg) was obtained which was dissolved in etha and treated with active charcoal 
> 
TABLE 2 : 
a Molar ration of Reactio Temperature Yield of (IX) 
Vill to time (hr 
2 reflux 17.2 
Char ve esidue recrvs i from et hy jles mop 
215 ; sf lles of m.p. 324 
lecomp C, 71-02; Hi 3 N, 8-64. SH,O rex es: C, 71-3 H, 6°25 
N. 8-76 per ce \ ner ce FrtOH 393 rE 4-4 4-2 ind 385 mu 
(log E 275 g E 3-48 348 ese physicochemical properties are 
l equin xture sromide (XI, 500 mg ride 
1 929.4 ne . hath at 
140-15 5 The ve Ve crvs $s the s rne 1 red 
Alt the et were : et 
mo at 
decomp eld 71-4 mg (18 per ce By using s cc easac st, the yie 3 12:34 
per cc 
i 2.3,4-7 3H 2.3- we 
NO ACC t es ce C e(X 7 yas 
m.p. 267 ( BL Si2; N C,,H,-O,N,-0°5H,0 re es: C, 
66:27; H, 5-23; N, 12-20 per ce L.\ S per cent EtOH 242 n E 4-63), 248 4: 
$-65), 297 m E 4-25), 34 E 42 38 E 4-28 276 n E 4-02 
- 4 37> E 4-? SN KOH-! 245 4-4 289 mu 
E 4-48), 322 4-15 E 4-33 134 E 3-75 237 
4-4 268 m E 4-12), 3 E 4-05), 333 E 4-07) ; $25 E 3-72 
The »S spec the synthetic vie ca a Sampie Of semper- 
{ ements—The aut s’ thanks are due to Dr. H. Kaneko, Dainippon Pharmaceutical Co 
Ltd. for his kind co-ope d identific { semper e rate Mr. K. Narita for 
eiement anaivses. Uratel CANOW ledgeme the M f Educat 1 lor the Urant- 
-Aid for Institutional Research (N ‘ to the District Government of Hokkaido : 
Prefecture for the Gra -A Scientific Research, and also to Mr. T. Tane i, Fuji Iron & 
Steel Co. Ltd., for kindly supply 12 the coal tar Oases 
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Abstract 
exan 


THE successful partial chemical reduction of undeca-1,7-diyne (1) to trans-undec-7-en- 


l-yne' prompted an investigation into the feasibility of attaining an analogous 


differentiation of the two triple bonds in the case of catalytic hydrogenation. It 
would be especially valuable if some method could be devised for the protection ol 
the ethynyl group during a catalytic partial hydrogenation of the internal triple bond 
to the cis-ethylene. As an essential preliminary, the stepwise catalytic reduction of 
undeca-!,7-diyne (1) itself was studied employing 10 per cent palladium charcoal 
CH,[CH,],-C! CICH,],-C! CH —» CH, [CH,],C! C-[CH,],-CH:CH, 
| 


—» CH,[CH,],,CH:CH [CH,], CH, 


TT IV 
Separate experiments were stopped at hydrogen uptakes corresponding to the absorp- 
tion of one, two and three moles of hydrogen. In a surprisingly clearcut manner 
each experiment gave essentially one hydrocarbon, the products obtained being 
respectively undec-1-en-7-vne (IT). undeca-!.7-diene (111) and undec-4-ene (IV). These 
constitutions were proved by the obvious methods of analysis, microhydrogenation, 
infra-red absorption and ozonolysis (see Experimental) which showed that no appreci- 
able double bond migration had taken place.** Thus the precedence of catalytic 
reduction seems to be ethynyl:disubstituted triple bond: viny! | .2-disubstituted 


double bond. That this was so, even when the triple bonds concerned were in different 
molecules, was shown by the catalytic partial reduction of an equimolar mixture of 
oct-l-yne and oct-4-yne. After the absorption of one mole of hydrogen, the products 
were oct-l-ene and unchanged oct-4-yne; a take-up of two moles of hydrogen 
produced oct-l-ene and oct-4-ene 

The acetylenic hydrogen of undeca-1,7-diyne was then replaced by various 

Dobson an ’ aphacl hem. S 3558 (1955) 
Bollinger, L. Kaplar and S$. I nden, J. Amer. Chem. Soc 


(1947 


* J. B. Bream. D. C. Eaton and H. B. Henbest, J. Chem. Soc. 1974 (1957) 
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“er 
a The products of the stepwise catalytic hydrogenation of undeca-1,7-diyne (1) have bee 
catatytic vena ve ec wcelyicne 
Ce im ¢ ive produce t 
frans-cthyviene heen observed, the extent of which depends the relative proportio of cataly 
and unsaturated hydrocarbon 
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removable blocking groups in order to ascertain if this process would afford any 
protection of the terminal triple bond during hydrogenation. Use of the mercury 
salt was unsuccessful owing to poisoning of the catalyst. Hydrogenation of the 
lithium salt or Grignard derivative took place readily, but work-up after the absorp- 
tion of one mole of hydrogen furnished predominantly undec-1l-en-7-yne (I1)._ More 
successful was the use of the bromoderivative. Thus initial experiments showed that 
1-bromohept-l-yne was very resistant to attempted catalytic hydrogenation. Hydro- 
genation of 1-bromo-octa-1,7-diyne and 1-bromoundeca-1,7-diyne (V) led to the 
rapid absorption of two moles of hydrogen with the formation of 1-bromo-oct-1l-yne 
and 1-bromoundec-1l-yne respectively. 


CH,-[CH,],-C !C-[CH,],-C CBr CH,-[CH,],CH:CH-[CH,],-C 
Vi 


Absorption of one mole of hydrogen by |-bromoundeca-1,7-diyne gave substantially 
cis-1-bromoundec-7-en-l-yne (V1). Attempts at characterization by converting VI 
into the Grignard derivative by treatment with magnesium‘ and subsequent carboxy- 
lation were abortive. However, structure VI was confirmed by its coupling under 


he C:CBr function® and catalytic hydrogenation of the 


conditions specific for the 
product to the crystalline n-docosane. Thus although some measure of the required 
protection for the ethynyl group during catalytic hydrogenation was achieved, the 


process seems too cun bersome to be of practical value, and was not investigated 


further 

The stereochemistry of the formation of the central double bond during the 
Stepwise hydrogenatior undeca-1,7-diyne proved to be unusually complex. As 
expected from many precedents” of th artial catalytic hydrogenation of disub- 
-diene (II1) showed 


Stituted triple bond he infra-red absorption of the undeca-1,7 
the central double nd t es ( minantly the cis-configuration. It was 
therefore unexpected wl -d absorption of the next product, undec-4-ene 
(IV). showed it to contain a oportion (ca. 50 per cent) of the trans-isomer 
(strong absorption neat was confirmed by comparison with the 
infra-red spectra of authentic pure / -undec-4-ene (obtained by sodium-ammonia 
reduction of undec-4-yne) and of pure indec-4-ene (prepared from the frans- 
lutation procedure’) his result 


compound by a well-established three-step stereon 
sxrompted the study of the partial catal) duction of undec-4-yne over palladium 
prompted the stuay ine partial Catatyt reduction ¢ ndec-4-yne Over paliac 


on various supports (Table 1). In tl ene was 


almost pure cis-undec- 


produced only when Lindlar catalyst (case a) was used; unusually high percentages 
ans-isol There was a remarkable variation 


frans-isome! produced seemed unpredictable although 
there was some dependence on pH (cases g and /:) and e pecially 
origin (cases d and an lantity (cases e and f) ol catalyst. The last fa 

r and is discussed below 
no correlation with the speed of the hydrogenation. The 


effect also seemed dependent on the particular acetylene used (see Experimental). 


B 


1 W. Chodk 
{cet cu 
, Chen 57, § (1957): P 
Reinhold rk 55) 


Hoff. K. W. Greenlee and E. Boord, J. Amer. Chem 


: 
a 
“ly 
3 
H. Norma ‘ Fr. 1447 (1957) 
P. Cadiot Fr. 298 (1958) 
°R. A. R p. 22 et seq. Butterworths, London (1955); 
oo 2 H. Emmett (Editor) Cata/ysis vol. U1, pp. 49-148 and 
413-452 
Soc. 73, 3329 (1951) 
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From this work, and other indications in the literature, it seems clear that the Lindlar 
catalyst®-*.* and possibly Raney nickel’-* are substantially stereoselective for the 
production of cis-ethylenes from acetylenic hydrocarbons, while the use of other 
substrates for the palladium produces an unpredictable and often large content of 


frans-isomer. 
One obvious explanation of these results involves stereomutation of initially 


formed cis-undec-4-ene at the catalyst surface This simple idea has been discounted 


Taste |. Urrake or | MOLE OF HYDROGEN By t yec-4-YNE IN THE PRESENCE OF PALLADIUM CATALYSTS 


ROOM TEMPERATURI 


\ duplicate 


in the past” in view stereomutation 
in contact with t! atalvyst alo lave confi the present case 
by the observation that! tc ymutatior urred when a solution of cis-undec-4-ene 
in cyclohexane was pl or nitrogen with palladium- 

lvet derived in the ving \ ; untreated; prehydrogenated ; used 


u 


charcoal cata 
initially in a simple found that stereomutation at the 
catalyst surface n° This could be shown In a 
partic larl triking mani hen the ; italyst used was reduced to such 
an exter h rtually no hydrogenatior he double bond occurred. In such 

bstai . ne was trans n n hour at 


circumstances subdsta il undaec 


room temperature al tu containing about /U per cent ol the frans-isomer 


(see Table 2. Casc which point no fturther stercomutation seemed to occur 


(cases i and /) “¢ whether this represented a true equilibrium 


value, these same nimal catalyst stereomutation conditions were tried on pure 


trans-undec-4-ene; most surprisingly one mole of hydrogen was absorbed with such 


rapiaity that no accurate estimate of isomer proportions was possible (case k) These 


results would certainly seem to indicate not only that the pure frans-isomert undergoes 


hydrogenation much more rapidly than the cis but also that in mixtures of the two 


* M. Svoboda and J. Sicher, Chem. & Ind. 290 (1959) 

B. Loev and C. R. Daws J. Org. Chem. 24, 981 (1959) 

1° S. Siegel and G. V. Sn !, Amer. Chem. Soc. $2, 6082, 6087 (1960); J. F. Sauvage, R. H. Baker and A, 
S. 


jussey. 82, 6090 (1960) 


a 
4 
: 
Fern) n ethyl acetate, unless otherwise stated) 
‘ h 
Case 
‘ 
Se 4 10 10 l 10 10 10 10 
Catalvst Pd-CaCO Pd-Caco Pd-BaSO, | Pd—« Pd— 
PRLOAc Et,N AcOH 
Catalyst* 10-1 11-2 8 10 17-4 11-5 10°5 
10 2 | 68 | 49 
Cask 
: a 
. 
— 
+ 
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the cis-isomer preferentially occupies the hydrogenation sites and thus inhibits the 
hydrogenation of the trans. 

This latter phenomenon would account for the inhibition of hydrogenation of the 
trans-rich mixture obtained by the stereomutation, under conditions in which ready 
hydrogenation of the pure trans-isomer occurred (cases i, j, k). 

When sufficient catalyst was used to overcome the poisoning effect of the cis- 
isomer, hydrogenation and isomerization proceeded side by side; the proportion of 


TABLE 2. STEREOMUTATION OF UNDEC-4-ENE ON 10°, Pd—C (BAKER) 


IN CYCLOHEXANE AT ROOM TEMPERATURI 


Catalyst 


Time (min) 0 37 60 120 39 60 90 120 5 30 50 80 120 


Molar hydrogen 


absor plion 


trans in ethylenic* 
product 


1 to hydrogenation 


flask 


trans-isomer in the ethylenic content of the reaction first rose rapidly and then fell, 
in agreement with the above suggestion of more rapid hydrogenation of the trans- 


isomer (case /) 
When the above low catalyst concentration conditions were applied to substantially 


pure cis-undeca-|,7-diene (III, prepar y Lindlar reduction of I) hydrogenation of 


the terminal double bond proceeded fairly rapidly with concurrent substantial 
stereomutation (79 per cent) of the central double bond (see | xperimen al) 
The hydrogenation-stereomutation behaviour revealed even by the above relatively 


crude study is a physico-chemical investigation 


involving rigidly-standardized quantitatiy 


EXPERIMENT 


app iratu 
in the st 


and Wo Ltd rremova | the Catalyst Dy fitrat in SOrVeT Lp the product 
was distilled and 
1/A ynes Ihe hydrocarbon undec-4-yne,"* 


1! Organic Synthesis Vol. 3 5. John Wiley 
2G. F. Hennion and ¢ ir, J. Amer. Chen 
8 T. H. Vaughn, G. F. Hennion, R. R. Vogt ar 


M4 B. Gredy, C.R. Acad Sci., Paris 196, 1121 (1933): Liebies 


he 
Case i l 
23 21 8-4 
No absorption 0.98 17 42 58 81 94 | 
o 
P| 66 5071 74 68 707272 72 + 100 66 58 55 50 37 ~23 
; an * The percentage trans given for zero time is that of the undec-4-ene before additio (ii 7: 
Routine infra-red spectra were determined as liquid films or Nujol mulls with Perkin-Elmer 
spectrophnotometcr Models 13, 21 or 137 (Nat p I *ht petroleu erally of b.p 
60-80 
Unless stated to the contrary, hydrogs ms were performed at atmospheric pressure in an : 
s of the conventio type (mec : bout 0-02 mole dissolved 
ree i”) } rhe nart lar tal Matthev 
New York (1950) 
Soc. 72, 5317 (1950) 
,. Nicuwland, J. Org. Chem. 2, 1 (1937) 
Ann. 4, (11), 15 (1935) 
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undec-5-vn n -§ nd undeca-1, *(1) were prepared by standard methods 


involving liquid ammor ivent; the yields ; greement 
with 

the bilaterally- 

nept- 


Soc. ¢ 
ndebted to Dr. Davison (Unilever Research Depat nt, Bedford) for his exan 


Chim. Acta 35, 446 (1952) 


a 
trans-undec-4-ene (90°.) b.p. 104-105 40 m1 1.4274. (Found: C. 86-0: H, 14-1. requires: : 
H +4 ethvk cd § OS cr were show be free 
ag fror the corresp. ulkvnes a ed drocart « hy d chromatography 
Hydrogenat f l 
mole cc 0 +00 They lucts were the 
(a) A | x4 1470 4479 
was ¢ il SS H C,H 
double bond « va C,H 0). N ec te 
of yw 57-9: H, 60: N, 16°55 
above. Only 4-d ( f ce ) ed m.p. 90 that of 
> (b) A en. The produc 32) b.p 0°13 mn 1-4378 was 
established as pred anil lil). H es 
C, 86:8: H, 13-2°%). M tn Px cetic ac 19S le ilents 
a4 (¢ H req cs 20). I +m Cit a CH ) ISG 
hed { 74 
and 1610 (—CH--CH,). The ozonoly proc tlready desc }- 
dinitropne nvara meo “ucnyae a iL Ol il tiie 
hydrazone ol hexane issmali o prisms, m.p. 199-202 (decomp) celtic ace ad: ¢ 
45-8: H.4-1: N. 23-4. C,.H,.0,N, re res: C. 45-6: 3-8: N, 23-6°.) undepressed o dmuxture 
a. with a gx ne specimen prepared by ozonolysis of cyclohexene. When the drogenation was : 
perl rimmed | pu bo tt ite of adso sk cu 
to 1rops Of S\ id bec ada Ss Spec cas abs ce ised al this 
2 a point. In both cases the product was almost pure indeca-! ,7-diene 
(c) Abso n of three mol ndec-4-ene (7-2 g) b.p. 79-82, 10 mm, ? 1-42 
14282. nd: C. 85-5: H. 142. Cale. for C,H C, 85° H, 14-4".,) was the sole product 
25 ae Microhvdrogenation, found: 0-97 double bond equivalents (C,,H,. requires: 1-0 There was no 
~~. a 18 K. N. Campbell and M. J. O'Connor, J. A Chem. Soc. 61, 2897 (1939). 
— 1 AL. Henne and K. W. Greenlee, J. Amer. Chem. Soc. 67, 484 (1945 
ee 7K. N. Campbell d L. T. Eby, J. Amer. Chem. S 63, 2684 (1941) j 
A. Rap 1 Sondheimer. J. m. 115 (1950) 
1° B. Gred 
2° We are 1ination of undec- 
“ne 
4-ene (1V) 
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absorption at 908, 994 or 1610 cm™ (absence ; CH,) but the presence of ~50°, trans-isomer 
was inferred trophenyl- 


hydrazones 
bentonit 


as el 


descri tne rd derivative wT } nm 1-4480 was shown to 


be predominantly undec-1-en- oul , 87-8; H, 11-9. Calc, for CyHy.: C, 87-9; H, 


Microhydrogenati required 2-87 double amount of ethynyl 


me 
21 
Kieselgu rcolumn being achieved with light petroieu Denzene (3:1; containing 2 etner) 
(d) Abs m of four moles of hy Undeca-!,7-diyne (1-1 g) furnished n-undecane (920 mg) 
419 -red spectrum of ch was identica viven in the file of 
1 the American Petroleum Institute (spectrum number 391) : 
Hydrogenatio f an equimoiar mixture of t-l-yne and oct-4-yne 
(a) A mixture of oc y ne lg, 0-0] 1 Oct-4-yne (1-1 diss ed ght petroleum, 
was enate sence Linc 0-01 mole (235 cc 
silve te s t ; ibsor the 3300 ¢ eg sence ¢ C=C—H), 
20 ‘ t f AoNO.t Ce } 60-100 mesh 
Was t entirely a mix ct-4 e (retent ) ct-l-ene (7-0 min) 
i Oct-4-ene (5-4 ese traces t sent 
1 oc 640 ¢ in App the oct-4-ene was 
C,,H ( j H, 12 Mic f 3-02 eb ents (C,,H 
i re es 3-0) | en re 7 ‘ = 
ents 
The product (3-0 g) was {and t The 1 saturated les 
ec e re i ed aidenvde 
ca. 5 (Cale. as C,H-CH:CH—{CH.,],C : CAg. AgNO ) cts t er the 
abdsorpt 3 ¢ e Dond ¢€ ile ed DY reduction ol 
undeca-1,7-diyne itself. Further absorpt of ny is very 
; 4 standardized solution of phenyllithium (0-052 e) was blown by Stream Of nitrogen into a 
solution of undeca-! diyne (7-4 g, 0-05 mole) in ethe 50 cc) and the mixture heated under reflux for 
5x0 mil The ether was the repiaced DY ary tel Wwadaroturan UO cc I the cooled solution vdro- 
: genated in the presence ol 10 palladium-—charcoal (500 mg) tn tetrahyd ran (50 cc) until one 
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compound present was estimated by the silver salt precipitation method to be 11%. The presence of 


both the ethynyl and vinyl groups was confirmed by the infra-red absorption. The standard 


ozonolytic degradation procedure resulted in the separation and identification of butanal 2,4-dinitro- 


formaldehyde 2,4-dinitrophenylhydrazone, m.p 155°, dec-6-yn-1l-al 
what is presumed to be, hex-1-yn-6-al 2,4-dinitrophenyl- 


122 


phenylhydrazone, m.p a 
2,4-dinitrophenylhydrazone, m.p. 94 95° and, 
hydrazone, orange needles, m.p. 106 107° from ethanol-ethyl acetate (Found: C, 53-6; H, 4:8; N. 


19-0. C,,H,,O,N, requires: C, 53:8 H, 4-9; N, 19°3%) 
Absorption of two double-bond equivalents of hydrogen furnished almost exclusively undeca-1 ,7- 
diene (III) while the product resulting from the absorption of three double bond equivalents was 


shown to contain undec-1-ene (ca. 30°) in addition to undec-4-ene (IV) Some control by the lithium 


atom is therefore evident at this stage. Further hydrogen absorption was very slow 


Attempted hydrogenation of mercury derivative of undeca-\ ,7-diyne (1) 
ttempts to hvdrogenate the mercury salt, m.p. 38°, with either benzene or ethyl acetate as solvent 
palladium-—charcoal or Raney nickel as catalyst all failed 


and either Adams’ platinum oxide, 10 


owing to the almost immediate deposition of metallic mercury on the catalyst, whereupon absorption 


ceased 


1-Bromo-ov ta-1, 
solution of ethyl | um bromide 
ler reflux fo rhe 


low colour did 


Octa-1,7-diyn 


(0-5 mole) in eu 


8. C.H.Br 
108 


mixture wi 
not persist for more t | 1 ol product 
15093. (Found 


requires: C, 1.8-dibromo-octa-1,7-diyn ) b.p 


110° 0-1 mm, 


oromine 

it 
H, 
CBr 


nee 


6-64 Br 


(e.g. 2200 
(b) Undeca-! ve (1. 7 mole) was sti hr at room temp with a solution of 


yn (12-5 cc) and bromine (2°75 


cc)} 
| 


yne (1 Se) np the infra-red. 


sodium hypobron 
Isolat 

spect cn iM bonvl group 

| of bron (44 ¢ m dry carbon t loride (200 cc) was added slowly 

» 0-15 mole) in carbon 

filtration and the filtrate 


hydroxide solution 


40-60") and 
mall quantity of admixed palladium 


xdivne (4:1 60°<) had b.p. (bath) 90 


‘) was added with vigorous stirring to a suspension of sodamide 


Z mole) i lution of p-t yluenes ilph ynvl chloride (41-9 ¢, 0 22 nole) in 
benzene (100 cc) th ided slowly. After heating under reflux for 1 hr, the reaction mixture was 
th dil hydrochloric acid and the benzene layer separated, washed, dried and evaporated 


63°.) b.p. 114°/13 mm, n> 1-4757. (Found: C, 71-9; H, 8-15; Cl, 19-7 


decomposed wi! 
to give ihe j Ip 
C,,H,;Cl requires: C, - 8-2: Cl, 19-5°%). Undeca-1,7-diyne (23°) was recovered from the 


fore-run 


’ 
: 
uch a rate that the yellow 
eniehad 
usual way furnished I- 
C 51-7: H 47: Br. 42 a 
— 
- 
$3 
1. 7-divt 1. 29-6 g. 0-2 mole) with 
(a) Treatment of the Grignard derivative of undeca- -<diyne (Ul, 2 c) wi 
(25-6 2. 0-16 mole) at fu shed |-bromoundeca divine asac 
oil, b.p. 126°/14 mm, 1-4929, (Found: C, 83; H, 65; Br, 346. requires: ¢ 
«35-3 which slowly yellowed on keeping. Absorption bands due to the groupin 
<; 
was washed successively with acidified potassium iodide sol 
and wate! After re il OF The t the resid Ic Wa 
the solution passed dow colu of charcoal cont 
charcoal (to remove residual mercuric bromide). The 
100°/1 mm, 1-4935 
, 7 4 
‘ 1-Chloroundeca 1, /-diyne 
2 
— 
: 
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Similar treatment of the lithium salt of undeca-1,7-diyne w ith p-toluenesulphonyl chloride in ether 
furnished the chloride in 30% yield. 


~ 


Catalytic hydrogenation of 1-bromo-octa-| ,7-diyne 

1-Bromo-octa-1,7-diyne (7-4 g, 0-04 mole) was hydrogenated in light petroleum in the presence of 
10, palladium-charcoal (1-5 g) until 0-08 mole of hydrogen had been absorbed (50 min), w hereupon 
the reaction was stopped. After the reaction mixture had been washed with sodium hydrogen 
carbonate solution, the product was isolated in the usual way, to give 1-bromo-oct-l-yne*? (3-95 g, 
52°), b.p. 86°/12 mm, np 1-4725. (Found: C, 50-7; H, 6.7; Br, 42-0. Calc. for C,H,,Br; C, 50-8; 
H, 6-9; Br, 42-3°,) 

When a similar hydrogenation of 1-bromohept-l-yne (prepared in 55% yield**) was attempted, 
uptake of hydrogen was very slow (30 hrs). The product was markedly inhomogeneous and was not 


studied further. 


Catalytic hydrogenation of 1-bromoundeca-1,7-diyne (V) 


1-Bromoundeca-!,7-diyne (2-06 g) was hvdr wenated in | ght petroleum in the presence of 10% 
pall idium—charcoal until hydrogen equivalent to one mole had been absorbed (215 cc at 763 mm, 17°). 
After the catalyst had been removed the pale yellow filtrate was washed with sodium carbonate 
solution and water and then dried and evaporated. Chron atography of the residue in |] ght petroleum 
(b.p. 40-60") over alumina (Grade III) gave the somewhat impure cis-1-bromou 1dec-7-en-1-y ne (VI, 
1-85 g, 89%) b.p. 90-100° (bath)/0-64 mm. (Found: C, 60-8; H, 7-8; Br, 31-2. C,,H,-Br requires: 
C, 57-65; H, 7-4; Br, 34.9%). The presence of ca. 10 f vinyl compound, presumably undec-1-en- 
7-yne, seems to be indicated by the analysis figures and by the infra-red pectrum Hydrogenolysis 
occurred when 1-chloro indec i-1,7-diyne was subjected to catalytic hyd venation. 

Several unsuccessful attempts were made to convert the bromoenyne via the Grignard derivative to 


undec-7-en-1-yne-l-carboxylic acid, by heating the substance with magnesium in tetrahydrofuran or 


‘ ivative appeared to be extremely slow. A similar experiment 
rt 


einer 


The formation of the Grignat 


with 1-bromophenylacetylene gave a 23°. yield of phe 1ylpropiolic acid 


4 solution of 1-bromoundec-7-en-l-yne (VI, 458 mg) in benzene was added dropwise to a solution 


of cuprous chloride (294 mg) in n-butylamine (10 cc) and benzene (10 cc). The reaction mixture was 
then poured into dil acid and the product (210 mg), nj” 1-4950, isolated with ether, and hydrogenated 


(PtO,) in ethyl acetate. Chromatos 
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raphy in ether on alumina (Grade I) furnished n-docosane (70 mg, 


), m.p. 45° from ethanol 


several catalysts under closely parallel conditions furnished undec-4-ene 
containing various amounts of the frans-isomer (estimated by measurements of the 968 cm band of 
the frans-isomer) (see Table 1). In all cases absorption slowed when | molar equivalent of hydrogen 
had been absorbed (the experiment was then stopped) but ceased spontaneously only with the Lindlar 
catalyst The Lindlat ] line catalyst was ¢ pioved il either ethyl acetate or cyclohexane After 
removal of the catalyst the filtrate was washed successively with dil hydrochloric acid and water, dried 
(Na,SO,) and distilled 
In similar experiments, the olefins hept-2-ene (59%), b.p. 100-101°/735 mm, nj’ 1-4100, and dec-5- 
ene (87°). b p 63-64'/6 mm, nm, 1°4245, obtained by reduction of hept-2 yne and dec-5-yne in the 
presence of the Lindlar catalyst were estimated to contain | and 5 of the tra -isomers respec- 
tively; with 10°, palladium—charcoal-acetic acid the amounts were 7°, and 10 A high percer tage 
(>50%,) of the trans-isomer was present in dec-4-ene, b.p. 70-71°/14 mm, nj’ 1-4233 resulting from 


the hydrogenation (10%, palladium-charcoal) of dec-4-yne; undec-5-ene, b.p. 72-73°/10 mm, nj> 
1:4271, similarly prepared, contained a smaller, though still substantial, proportion. 


cis-Undec-4-ene 
Dry chlorine was passed into a solution of antimony pentachloride (1-5 g) and trans-undec-4-ene 


(24-9 g) in chloroform (35 cc) at —70° and in diffuse light, until 95% (10-9 g) of the theoretical amount 


#2 W. Chodkiewicz, Thesis, Paris (1957). 
*3 Pp. A. McCusker and R. R. Vogt, J. Amer. Chem. Soc. 59, 1307 (1937). 


- 
: 
= 
Hydrogenation of undec-4-yne 
4 
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had been added. After stirring for a further 15 min at 70°, the mixture was poured into water (50 cc) 
and 4,5-dichloroundecane (24'5 g, 70°.) b.p 126-129°/10 mm, nj? 1-4574, (Found: C, 58-7; H, 9-35. 
C,,H,,Cl, requires: C, 58:7; H, 98%.) isolated by steam distillation 
The dichloride (17 g) was added during 90 min to a solution of potassium hydroxide (8:5 g) in 
n-propyl! alcohol (20 cc) at 85-90" and the reaction mixture stirred for a further 18 hr at this temp. The 
mixture was poured into water and the organic phase steam distilled The 5( ?)-chloroundec-4-ene 
(11-7 g, 88°.) was obtained as a colourless oil, b.p. 97-101 mm, 14498. (Found: C, 70-3; 
H, 10-8. C,,H,,Cl requires: C, 70-0; H, 11-1°%) 
hloride (10-3 g¢) in ether (25 cc) was added dropwise to a solution of sodium 


1 (100 cc) at 40 ter a further hour t mixture was decomposed with 


ammonium chlor ost of the ammonia evaporated and the product ited with ether. cis-Undec- 
4-ene mm. ? | 4288 (Found 55: 14-2 , requires C. 85-6: H, 


14-4°.) exhibited ted medium absorption at approximately 700 cm~* and no absorption at 


ca. 9/0 and ad louble-bond equivalents of hydrogen on microhydrogenation 


— 
Stere mutation expe ment 
These experiment ere Carricd oul i1conventional hydrogenatior ipparatus using flask (250 ml) 
fitted wit sid cart cap. Cyc cxane ve ind Bake 10 
cam S.P. 1350p eter. A d pure / indec-4-cne 
< 190 eve 19 shal in at 
{ch ( P ML. K Ins ite 
of P R.G.W k Dr. M.C. WI 
hel! k Mr. J. ¢ 
BS Mr. Mirs. F.1 liss P. I 
re 0 (M. AK De { vers lor 
Messrs. I urd I Baker P Divis 
: 
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Abstract——Cis- and trans-cyClopentano(b)tetrahydropyrans were prepared and the validity of 


Auwers-Skita’s rule confirmed rhe relatively low differences of the constants of the substances 


1, with regard to the analogous hydrindans, by a more planar arrangement of 


prep ired were explained, 


lé 
1 out by means of chromatography on 


the rings. During the cyclization reaction, which wa Irriec 


tine infl ft 


aluminium oxide, a ’ terically Conducting influence ol e absorbens was noted 


r'He cis- and trans-hydrindans I and II (C—C length 1-54 A, bond angle 109°) can be 


compared with models on similar systems, containing a heteroatom, e.g. oxygen 
(C—O length 1-42 A, C—O—C bond angle 111°) instead of a carbon atom, and we 
find on cyclopentano(b)tetrahydropyrans or 1-oxabicyclo(0,3,4) nonanes that the 
heterocyclic ring will have a somewhat more planar arrangement than the corre- 
spondin » hydrocarbons. Assuming that the differences in the structures of the isomers 
are pr portional to those in the physical ynstants, we may Il expect smaller 
differences between isomers with a heteroatom than between the analogous structures 


containing carbon atoms only 


In order to ascertain the influence of the heteroatom on the physical properties of 


these compounds, an attempt was made to prepare both isomers of oxabicyclononane 
(III and IV) by sterically defined reactions -Carbethoxycyclopentanone (V), used 
as the starting material for the synthesis, was converted to 2-carbethoxy-2-(3'-bromo- 
propyl)-cyclopentanone (VI) according to Mayer’; the compound obtained was 
hydrolysed to 2-(3'-bromopropyl!)-cyclopentanone (VIII). As VIL may undergo 
cyclization to spiro-3,4-octane-4-one" by action of strong bases, 2-(3’-acetoxypropyl)- 


d to be in conformation with t eter lic ring in the chair (Z) form. 


* Both isomers are suppose 


1 R. Mayer, G. Wenschuh, W. Tépelmann, Che 


pe 
IV)* 
I 
Ber. 91, 1616 (1958). 
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cyclopentanone (VIII) was first prepared. This compound was converted by means 
of an alkaline alcoholysis to the 2-(3’-hydroxypropyl)-cyclopentanone (IX). From 
the reaction mixture, chiefly when a great excess of the base was used, a hydrocarbon 
C,,H.» was isolated as a secondary product, the nature of which will be a subject of 
further studies. 


According to the I.R.-spectra (presence of a tertiary hydroxylic group), IX is 


probably in equilibrium with the cvclic structure [IX a: the equilibrium being shifted 


towards IX. By the dehydrating action of acids, 1-oxa(0.3.4)bicyclononane-8-ene 


and 2-allylcyclopentanone are formed 
Zelinskij and Elagina® consider X to be a component of the reaction mixture, 
I 
communication Mayer' could 


when compound VI hydrolysed with diluted hydrochloric acid; but in a later 


Vinyl ether X is, with regard to its pl tructure, suitable for 
of the cis-isomer of 4)bicyclononane (III); the catalyt 
using 5 per cent palladium o1 barium sulphate, carried out under ¢ 
sure, yielded the cis 
spectra) 


+ 


As the vields were not satisfactory, a direct hydrolysis of 2-(3'-acetoxypropyl)- 


carbethoxycyclopentanone (XT) was tried. During the hydrolysis, the acetate VIII 


is first formed, being then hydrolysed to the alcohol IX. No cyclization to the spiro- 
lacton system occurs, and the decarboxylation proves to be rapid. Owing to the 
difficulties in the preparation of acetoxybromopropane, this method was abandoned 
Unsatisfactory results were also obtained with the reaction ol carbethoxycyclo- 
pentanone with 3-bromopropano! A re-esterification of the carbethoxy-group on 
the one hand and some alcoholytic cleavage of the cycle on the other hand were 
observed 

As starting material for the synthesis of the trans-isomer IV, the bromocyclo- 
pentanone VII was used. During the reaction with a threefold excess of lithium 
aluminium hydride (I AH) in tetrahydrofuran, VII was converted in high yield into 
the trans-2-propyicyclopentanol, especially when suspended LAH was used. 2-(3'- 


Bromopropyl)cyclopentanol (XII) was prepared in satisfactory yield by reduction of 


® N. D. Zelinskij, N. V. Elagina, Dokl. Akad. Nauk SSSR 86, 1117 (1952). 


V Br x Bri VI 
¥ Sr( Vil) 
A 
4 
preparation 
hydrogenation 
rospne»ric pres- 
ae ing to the L.R.- 
; 
: 
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VII with a small excess of LAH in ethyl ether. On the basis of a trans-structure for 
2-propylcyclopentanol,** a trans-structure has also been attributed to XII. 

By the action of a water or methanolic potassium hydroxide on the bromohydrin 
XII, either 2-allylcyclopentanol or the desired trans-isomer IV, contaminated by the 
cis-isomer (5-10 per cent) results. This is in accordance with the steric purity of the 
bromohydrin XII. During the chromatography on aluminium oxide (activity 1-5), 
the freshly distilled bromohydrin XII undergoes cyclization to cyclopentano(b)- 
tetrahydropyran, which, after distillation, contains 35 + 10 per cent of the cis-isomer 


i spectra of (a) ‘ 3,4) bicyclononane (IID) and 


i (0,3,4) bicyclor ine (1V) (90 5 stcrical purity). 


according to the I.R.-spectra, the main product being the trans-isomer. Here, an 
interesting steric influence was observed during the reaction on the column of the 
aluminium oxide. The isomers obtained are stable by themselves during chromato- 
graphy. A certain analogy may be found for instance in the catalytic hydrogenation. 
The steric purity of the frans-isomer is sufficient for the determination that the boil- 
ing points of the two isomers differ by 1” only, further, that the cis-isomer has, being 
thermodynamically less stable, a higher refraction index, which is in agreement with 
Auwers-Skita’s rule.** A relatively small difference in the physical constants of the 
two isomers corresponds to the theoretic assumption of a higher degree of planarity, 
when compared with the analogous hydrindans.’+* 
. Chim. Fr. 1074 (1953) 
nchard and fraim, J. Amer. Chem. S 78, 2783 (1956). 
Auwers, Liebig nn. 420, 91 (1920) 
* A. Skita, Ber fs hem. ges. 53, 1792 (1920) 


7 W Hickel Liebig 
*W Hickel and M Sachs, Lie hies Ann. 420, 21 (1920) 
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EXPERIMENTAL 


2-Carbethox) per (V) repar ' by the condensation of the ethyl ester 


of the adipic ac 
b p 


0.0028 


The product 


ve acetoxy derivative 


1-Oxa-bi 
A soluti droxyproy pent l i was heated with p-toluen- 


water Ww ovta I tne I } ith turated lution 


Using pet 
The s 
B.p.,, 54-55", 4715 und: C, 77-2; H, ire ,77-4; H, 


cis-1-Oxa-bicyclo(0,3,4)nonane (111) 
Substance X (1-5 g) was hydrogenat n methanol (5 ml) under atm press was with 2 g of 5° 


Pd on BaSO,. The theoretical co mption of hydrogen wi btained after 6 hr. After filtration the 


solvent was removed and the residue chromat graphed on aluminium oxide (activity 1-5). By elution 


* Organic Syntheses Col. Vol. Il. p. 116 


— 
= 
Ag 
28 
20 
cis-1-Oxa (0.3.4) bic ynan $315 1.4672 
(5-10 r) Ss? 14 1.464 
a cis-Bicyclo (0,3,4) no 167 1.4713 0.0075 
159 1 4638 
2-Carbet y-2-(3'-brom V1) was prepare ield; b.p., 140-144 
but accord tot 1 50 35-138 eported 
2-(3’-Bromopr Vil $ prepared 1 66°; yield, b.p.s., 107° but the litera- 
ture vives D.p YS—105 ind er ret n 
A solut ( Oro e inol (100 ml) was mixed with 
acetic acid (1 )and powde 21 0-2) e) anc e reaction 
mixture heated o f e formed during the reactior 
(b.p., 106-10 1.4802) s obtained 1 of 27 calculated on 
VILL). (Foun C, 65-0: H,& ( re res: 65-2: H ) 
2-(3'-H) p yl cyclopentanone (IX) 
4 A sol ack e (34 2,0 > mole) i potassium hydroxide was 
kept at rox temp. ! 24 pre he residue diluted with 
4 ether: ana : ‘ . | . ‘ 30 chromatoegerap ed 
eluated it vet ethe i 0 y Ol mi ] oxide, was the 
C. 90-2: H, 9-5. C,H ( By ¢ ether a mixture was obtained, 
87-89", ny 1,4750. (Found: C, 67:7 H. 9-8. C.H,,O, requires: C, 67-6; H, 9-9°%,) 
of sodium bicarbonate, the water layer extracted in ether and the ethereal extract a 
& benzene layer After drying with a Irous magnesiu sulphate, the solvents were distilled off over a 
= 15cm mict th hromat ranhed on tral luminium oxide (activity 1-5) 
| 105%) 
odour 


Stereoisomers of cyclopentanotetrahydropyran 


with pet ether, 1 g was obtained and after distillation, 0-6 g (IID), b.p.., 53 ny 1,4672. (Found: 


C, 76:2; H, 11:5; C,H,,O requires: C, H, 112%) 


2-(3’ Acetoxypropyl)2-carbethoxycyclopentanone (X1) 


A mixture of K-salt carbethoxycyclopentanone (19 g) and 1-acetoxy-3-brompropane”® (18 g) in 
(25 g) was stirred during boiling for 8 hr. After cooling, the potassium bromide 
was filtered off and the solution fractionally distilled. (Found: C, 60-8; H, 7-7. C,s;H», O; requires: 


anhydrous benzene 


C. 60-9 ). B.p., 157-158", yield 12 g (46%) 
Hydrolysis of X1. Compound XI (7:36 g; 25-6 mole) were mixed with 10 ml of 18% HO 
(SO mmoles) and heated to boiling for 20 min. After cooling, the solution was neutralized with a 
sodium carbonate solution to pH 7 and four times extracted with 10 ml of ether; the ethereal extract 
after removal of the solvent gave a residue (3-6 g), which was chromatographed on 60 g Al,O, (activity 
1-5 ¢). By elution with | iquid was obtained, which was identified as impure vinyl 


, a sut h benzene b P-o-2 76-—78°, which is, according to the 
and 1.R.-spectr: tical with the acetate VIII; and 0-55 g of a mixture of acetate VIII and 
IX were eluted I | and resulted from splitting on the column. Using methanol, 0-6 g 


of alcohol IX were obtai 


7.43 -Brompr 


solution of lithium aluminidum hydride in ethyl 


iposed with ice and 


th bicarbonate 
» 1,5062, the 
requires 46:4: 


th 20°, KOH 
the solvents, 
1.4646, 

ut on the 


C, 76:1; 


ivcm co mn 


to the I.R.-spectra 5 
at 900 and 1016 cm 
A1.O. (acti were separated 


re than wel! otained in der the subdstance, 
yr-like odour, 


29 
= 
| 
ethe 
analy 
4 
alc« 
671101710! X11) 
To the bromoketone VII (9-52 g), 35 ml of a 2°, 
a 
ee ether was added « ise. After stand for 2 the reaction mixture was decon i 7 
rae eae a hydroc rica ind extr d with ether, and finally ec ereal extract was shak 
solution and fractionally « le he yield was g (69°) of XII, b.p.o.; 83 
oily quid deco! posing on standing (Found C, 46°6 H C.H,,O Br 
oe a (A) The bromohyd: XII (8 ¢ 39 mmoles) w shaken in a vibration apparatus w 
a, ee ; (30 ml) for 5 hr, the mixture then extracted with ether and the extract, after removi 
was distilled on a2 yicl< is OS of the bstance, b.p 
contalr y accordl 
basis of absorptio 
: H, 11-2) 
: (B) On a colun 
By elution with pet ether 
which, by distillation on a filled 
b p $2 Ny 1.4656 According to the LR spectra, the sudstance Contains 35 iV OI the 
isomer, the residue representing the frans-isomer, which is easily volatile with all organic solvents. ; 
1° M. T. Bogert and E. M. Slocum, J. Amer. Chem. Soc. 46, 765 (1924). 
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Abstract—1-(Cyclohexenyl- and 1-cycloheptenylnitromethane have been used as starting substances 


to yield 2-nitro-2 tro-2-(1’-cyclohepteny!)-propanediol-1,3 (B) respectively 


By reacting them th fi ldehyde and benzylamine or rmaldehydes and cyclohexylamine, 


oxazine derivatives results | yrmation of 3-hydroxy-2- utro-2-(1'-cyclohexenyl)- and 5 hydroxy- 


derivatives of tetrahydro-1,3-oxazine (B) have been prepare id hydrolysis of tetrahydro-1,3- 


h aminoalcohols (E) react with for- 


2-nitro-2-(1’-cycloheptenyl)-propylamine derivatives (E). Bot 
maldehyde to again yield t tranyaro “OX ne derivatives (¢ 


Infra-red spectra of C and E and their hydrochlorides D and F were examined and structure 


A NUMBER of experiments with cycloalkenylnitromethane (A) form the subject matter 
of several 

l-cyclohexenyl- and 1-cycloheptenyl-nitro-methane’’ were the starting products in 
these investigations. 

Both nitro-olefins (A) contain a primary nitro group and readily react with 
formaldehyde to yield the corresponding diols (B): 2-nitro-2-(1'-cyclo-hexenyl)- 
(B, n = 4) and 2-nitro-2-(1 -cycloheptenyl)-propanediol-1,3, (B, n 5). 


A 


The products (B) have been condensed with formaldehyde and benzyl- or cyclo- 
hexylamine to yield tetrahydro-! ,3-oxazine derivatives (C). 

The derivatives of cyclohexenylnitromethane (Le. n 4) and formation of 
§-nitrotetrahydro-|,3-oxazine derivatives from primary nitroparaflins have been 


1 Z. Eckstein, sniki Chem. 28, 43 (1954) 

? Z. Eckstein, rbanski and W. Sobdétka, Roczniki Chem. 30, 133 (1955) 

3 Z. Eckstein. T. Urbafiski and H. Wojnowska, Bu icad. Polon. Sci. Ci. U1. 5, 219 (1957) 

4Z. Eckstein, T. Kraczkiewicz, T. Urbanski and H. Wojnowska, Bull. Acad. Polon. Sci. Ci. Ul., 5, 315 
(1957) 

5 Z. Eckstein, T. Urbanski and H. Wojnowska, Roczniki Chem 31, 1177 (1957) 

* Z. Eckstein, T. Kraczkiewicz, A. Sacha and T. Urbanski, Bui/ {cad. Polon. Sci., Ser. Sci. Chim., geol. et 
geoegr. 6, 313 (1958) 

? 7. Eckstein, A. Sacha, W. Sobétka and T. Urbanski, Bull. dcad. Polon. Sci., Ser. Sci. Chim., geol. et 
geogr. 6, 621 (1958) 

® Z. Eckstein, A. Sacha, T. Urbanski and H. Wojnowska-Makaruk, J. Chem. Soc. 2941 (1959). 

* 7. Eckstein, A. Sacha and W. Sobotka, Bull. Acad.Polon. Sci., Ser. Sci. Chim., geol. et geogr. 7, 295 
(1959). 
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4 
assignments made of the principal bands 
C CH.OH 
Cc CH.NO. + 2HCHO ~ NC 
CH.OH 
- 


5-Nitro-5-(1’-cyclohexenyl) 


(8) + + RNH, 


TI R=C,H 


described?+!°-™ previously. In the present paper, the use of alcohol results in products 
I and III being obtained in crystalline form. 

The correctness of the formula (B, n 5) was confirmed by comparison of the 
infra-red absorption spectra of I and III (C, n 5) with those of 5-nitrotetrahydro- 
1,3-oxazine derivatives obtained from cyclohexenylnitromethane (C, n = 4), posses- 
sing the same benzyl and cyclohexyl groups in the position 3 (Figs. 1 and 3; their 
hydrochlorides: I igs. 2 and 4). 

The oxazines (C) have also been degraded to hydrochlorides of aminoalcohols (F), 


i.e. derivatives of 3-hydroxy-2-nitro-2-(1'-cyclohexenyl)- and 3-hydroxy-2-nitro-2- 


(1’-cycloheptenyl)-propylamine.*:'°™ The formation of the products (F) is accom- 
panied by splitting off formaldehyde which was quantitatively determined as 


1° EF. L. Hirst, J. K. N. Jones, S. Minahan, F. W. Ochyfski, A. T. Thomas and T. Urbariski, J. Chem. Soc. 
924 (1947). 

11 T, Urbanski and D. Giirne, Roczniki Chem. 28, 175 (1954); 31, 869 (1957); D. Giirne and T. Urbanski, 
Bull. Acad. Polon. Sci. Ci. Ul. 3, 175 (1955) 

12 T, Urbanski, J. Kolesinska and H. Piotrowska, Bull. Acad. Polon. Sci. Cl. Ill. 3, 179 (1955). 

18 T. Urnanski and H. Piotrowska, Roczniki. Chem. 31, 553 (1957). 

14D. Giirne and T. Urbanski, Roczniki. Chem. 31, 855 (1957). 

18 U.S. Pat. 2447822 (1948). 

16 Z. Eckstein, A. Sacha and T. Urbanski, Bull. Acad. Polon. Sci. Cl. Ul. 5, 213 (1957). 
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2,4-dinitro-phenylhydrazone. The structure of the free bases (E) derived from the 
hydrochlorides (F) was confirmed by their recyclization with formaldehyde into C. 

The yields, m.p. and analysis of the products (C), their hydrochlorides (D) and 
the products of the ring opening E and F are summarized in Table 1. 


TABLE 1. PROPERTIES AND YIELDS OF DERIVATIVES OF 5-NITROTE TRAHYDRO-1 ,3-OXAZINE 
OF THE GENERAL FORMULA C anp D 


m.p.* Analysis 


Compound Yield , juired Found 
Hydro 
' 


Base 


-Nilro- io ,o-propan yclohepte 


mole) 
A fte 


for 2 


crystal 


V and VII) fo 
lil) Free base V and 


us formaldehyde (1 ml) was warmed on a water-bath until a 


32 — 
— 

CHA H 39-3 48-3 HRSG 7.4 
il C.H.CH 90-0 155 61:3 9 10-1 61°8 80 107 
C,H 152-154 $92 85 81 103 so4 90 82 104 

EXPERIMENTAI 
initromethane (A, 38:8 g, 0:25 
moxane (100 mij) and 35 aque acnyac ere ced trictnvia mil) added 
tempe<c ture rise of | in e clear and was thc ca i water-Dal il 75 an 
a (B, 52-55 g, 100 per ce eld) er used ¥ ee 

oxazine (C: | ethod of pre tion). To tl le 2-nitro-2-(1 

4 cycilohepteny 32-95 f 1 335 per cent mus formaldehyde 
(45-5 ml), benzy e and ¢ ex e (0-25 e) ded dr se. After a temperature 

hexyl-t 13 D: re t pure 1,3 e der eDQe)u 

and treatin ncart 

C (0-02 1 < ct (SS eck-fl ‘ la< i 
4 dropp f ‘ iter (15 Hid id he boiled 
pressure to vere purified from 
per cent etha The e2 

land Ill +2 83°4 per ctively of formaldehyde 2,4-dinitre 

and Vil Vi Vill, 0-00 c iKC vit saturated 
sodium bi til the The ethe ished with water, 
ae lization ft etha und ether. The base V illized ret y than VII 
S.nitro-S41 trahy\ pol ( | 
VII, 1 g) in ethanol (6 mil) and 33°, aquco 
a 
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clear solution was obtained. The crystalline product precipitated on cooling and was identical with 
the free base (V and VII) prepared formerly. The yields of V and VII were 53-5 per cent and 96 per 
cent respectively of the theoretical. 


TABLE 2. PROPERTIES AND YIELDS OF THE PRODUCTS E AND F 


m.p.* Analysis 


Hvd Required Found 
yaro- 


chloride 


Base 


98-9 

93-9 10-4 
Vil C.H,, | 992 84-87 64-8 | 95 95 65:3 
Vill 65-7 157-159 §7-7 8-8 8-4 10-7 58-0 8-6 8-6 10-7 


* All m.p. were determined by the microscope method and are uncorrected 

Infra-red spectra. These were determined by means of a Hilger-800 double beam spectrophoto- 
meter with 60° prism of sodium chloride. The substances were used as mulls in Nujol. Suspensions in 
bromtrichloromethane were also used to extend the spectra in the region of Nujol. This was suggested 


by Mrs. U. Dabrowska. The frequencies are recorded in Tables 3—6 and Figs 1-8 


DISCUSSION 


As can be seen in Table 3 and Figs. | and 2, C possesses a cyclic structure, as there 
is no absorption band corresponding to an OH group. The same applies to the 
hydrochlorides (D) proving that no ring opening occurs during the formation of 
hydrochlorides of I and III and their cyclohexeny! analogues. 

It should be pointed out that bands characterizing aliphatic C=C stretching 
vibrations in the spectra of compounds C, D and E could not be identified for certain. 
But in the case of III i.e. where cyclohexyl in the position 3 in the 1,3-oxazine ring 1s 
present, there is a very weak band at 1640cm™'. It is interesting to note that the 
spectra of the initial substances—cycloalkenylnitromethane*:’:'®—include weak but 


characterizing CC in cycloaliphatic compounds. 


clearly defined bands 1666 cm 

All free oxazine bases (C), derived from both cyclohexenyl- and cycloheptenyl- 
nitromethane show high intensity bands: 1540-1533cm™' and 1345-1340 cm"! 
characterizing asymmetric and symmetric stretching vibrations of the nitro group. 

In the case of the oxazine hydrochlorides (D), the asymmetric stretching vibrations 
are somewhat shifted towards higher frequencies 1557-1550 cm~'. The symmetric 
vibrations are of practically the same frequencies (1345-1335 cm~') as in the free 
bases (C) 

Free oxazine bases (C) and their hydrochlorides (D) show medium or strong bands 
1448-1443 cm~' and 1448-1441 cm™ respectively. They should probably be assigned 
to the scissor vibrations of the methylene group in cycloalkenyl groups*:*+"*. 

Ihe absorption spectra of the free oxazine bases (C) contain five bands: 1302 
1297, 1199-1191, 1102-1097, 1085 and 1066cm~'. These are probably due to vibra- 
tions of the hemi-acetal bonds C—-O—C in 1,3-oxazine derivatives."* Some authors!” 
assign bands 1298-1260 and 1075-1020 cm™ to the hemi-acetal bond in a similar 
ring system and Bergmann and Kaluszyner'* have recently found the same frequencies 
in a number of tetrahydro-1,3-oxazines derived from 3-aminopropanol and carbonyl 


compounds. 


17 D. G. O'Sullivan and P. W. Sadler, J. Chem. Soc. 569 (1957). 
‘* F, D. Bergmann and A. Kaluszyner, Rec. Trav. Chim. 78, 315 (1959). 
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TaBLe 3. INPRA-RED FREQUENCIES OF I wirn 


3-OXAZINE- AND (IIT) 


YCLOHEXYL-TETRAHYDRO-1 ,3-OXAZINE 


Nujol mull 


1144 

1122 \ 
1097 1102 

1066 

1050 
1030 1028 


850 w 


840 w 


759 vw 


: 
_ 
: 
. 
: 
2240 250 7245 2940 n 
7705 270? w 
: 
+4 1443 44¢ 45 m in BrOCl 
1345 1340 13451 1340 n 
1297 n 130? vw 1298 w 
1302 1297 n 1302 1300 n 
1246 1244 4 
1229 vw 
vw 1210 w 1215S m 
1191 m 1198 1193 vw 1199 w 
1177 m 1177 vw 1177 w 
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5-Nitro-5-(1’-cyclohexenyl) 


TABLE 4. INFRA-RED FREQUENCIES OF I AND III OBTAINED: (1) DIRECTLY 
FROM THE DIOLS (B), FORMALDEHYDE, BENZYLAMINE AND CYCLOHEXYLAMINE 
RESPECTIVELY AND (Il) BY CYCLIZATION OF V AND VII WITH FORMALDEHYDE 


I I] 


method (i) method (ii) method (i) method (11) 


3057 vw 3047 Suspension 
3023 vw 3014 in BrCCl, 
2917s 2915 2915s 

2840 m 2840 2845 1 2840 m 

2759 w 2750 vw 2 ‘ 2731 vw 


2727 w Nujol mull 
1605 vw 1603 2688 w 


1533s 1535 1531 vs 


1490 Suspension 
1446 m 1448 1443 m in BrCCl 
1359 m 1364 1377 w 
1345 m 5 5m 1340 m 


1300 w 2 vi 1304 w 


1302 m 2 2 Nujol mull 
1271 vw 
1246 w 
1229 vw 
1210 1210 m 
1191 m 1193 1193 vw 
1177 1174 vw 
1150 vw 
1136 vw 1136 vw 
1104 1102 w 1104 m 
1085s 1085 s 
1066 s 1066 
1050 w 1052 m 
1026 w 1028 1028 vw 1028 vw 
981s 981 
970 sh 
962 s 5 962 w 961 m 
930 vw 929 vw 
919m 915m 912m 
893 w 896 w 
859 m 35 857 vw 859 w 
8455 850 w 846 m 
840 w 836 m 
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TABLE 5. INPRA-RED FREQUENCIES OF HYDROCHLORIDE II 5-NITRO-5- 


(1'-CYCLOHEXENYL )-3-BENZYLTETRAHYDRO-1 ,3-CXAZINE AND HYDROCHLORIDE 
IV 
1, 3-OXAZINE 


Hydrochloride Hydrochloride 
of cyclohexeny! IV of cyclohexeny! 
derivative 
Suspension 


in BrCCl 


Nujol mull 


Suspe nsion 


in BrCCl 


1141 
1114 


1080 1085 


1052 1052 
1033 1028 
1014 
1000 
YROH 
97? 967 


93] 929 
S80 SAO 
845 m 


826 vw 
809 vw 


a 
40 
3009 vw 3009 vw 
3000 vw 3007 w 
2991 m 
2938 s 
2915s 2924 s 2927 s 
i. 2842 m 2950 m 2850 m 2848 5 
7 
2665 2660 2684 2750 
2519b 2519 b 2581 b 2543 b 
Me 2396 2350 2441 2250 
co 1550 vs 1552 vs 1557 vs 1554 vs 
1495 w 1486 vu 1474 m 
1453 m 1441 s 1446 m 1448 s 
1419 m 1400 s 
1388 m 1391 vs 1381 
1354 m 13596 
1338s 1335s 1338 m 13455 
: 13i2w 1316 134s 
1778 vw 1274 n Nujol mul 
1259 w 1259 m 
1234 m 1234s 1241 w 
1220 vw 
5 1200 vw 1202 m 
1174 m 1184 
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1148s | 1146s 1141 vs 
vw 
1095 vw 
1071 m 
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n 1033 m 
1000 w 1005 m 
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Taace 6. INPRA-RED FREQUENCIES OF COMPOUNDS E AND I 
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It is important to note that the above mentioned bands are not present in hydro- 
chlorides (D) formed from the free oxazine bases (C) (Table 4, Figs. 2 and 4). A new 
intensive band 1148-1141 cm™! and bands of medium intensity 886-873 and 850-845 
cm~ are present in the hydrochlorides (D). It is difficult (for the time being) to explain 
these facts. It seems possible that 1,3-oxazine bases may form hydrochlorides through 
the oxygen atom to yield oxonium salts,* and this would account for the disappear- 
ance of the acetal frequencies 

A strong and broad band, 2581-2514cm™, is also present in the spectrum of 
hydrochlorides (D). This cannot with certainty be assigned to the formation of NH 
ion although Sandorfy*® pointed out that hydrochlorides of amines can produce two 
or more bands in the region 2800-2000 cm~"', their shapes being different in different 
amines 

Bellanato and Barcello™ have also found the NH* stretching band in the trimethyl- 
amine hydrochloride spectrum at 2735 cm ‘and Bellamy™ pointed out the presence 
the frequencies 2500-2325 cm™! of NH* in salts of heterocyclic aromatic bases and 
Schiff’s bases.** 

On the other hand a band (2610-2570 cm~') was considered by Ferrise and 
Horning™ to be produced by the oxonium ion. A similar frequency (2700-2600 cm ty 
was found in nitrates of aldehydes and ketones which according to Hofman and 
Urbatiski® are oxonium salts. It is therefore difficult to decide whether the bands 
2581-2514 cm™ belong to ammonium or oxonium salts 

Opening of the 1,3-oxazine ring led to the formation of hydrochlorides of amino- 
alcohols (E) and the free bases (F). These compounds have prominent bands in the 


region 3316-3202 cm™ and they should be assigned to the hydroxyl groups (Table 5, 


Figs. 5 and 6). No change of the frequency of asymmetric vibration occurs under 
action of the ring opening (1543-1533 cm~'). Symmetric vibrations of NO, have the 


frequency 1383-1374 


As in the compounds C and D, both E and F have the bands of the frequency 
1450-1446 cm! which should be assigned to the scissor vibrations of CH, groups in 
the cycloalkenyl ring. 

Free bases (F) when warmed with an excess formaldehyde in presence of bases 
furnished tetrahydro-1,3-oxazines (C). Their absorption spectra were identical with 
those of 1,3-oxazines (C) obtained from the diols (B), formaldehyde and primary 
amines, according to the diagrams on pp. 30, 31. This gives additional proof for the 
correctness of the tetrahydro-!,3-oxazine ring formulae (C). 


Acknowledgement—The authors are much indebted to Mrs. U. Dabrowska for carrying out experi- 
ments on infra-red absorption spectra and improvements of the experimental! technique. 
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CYCLOALCOYLATION 
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Résumé—L ‘action du t-amylate de sodium sur les w-bromobutyl-3 cyclohexanones (cycloalcoylation) 
conduit aux «-décalones. Si la cyclohexanone de départ n'est pas substituée-2, on obtient un mélange 
des configurations a l’équilibre (en grande majorité trans); mais si la cyclohexanone est alcoylée-2, on 
obtient uniquement la cis-x-déecalone a alcoyle angulaire. Cette cycloalcoylation apparait donc 
stereospecifique 


On décrit la synthése des quatre «-décalones (Va, Vb, V’a, V’b) 


Les (w-bromobuty!)-3 cyclohexanones (IV, [V’) sont préparées par action du magnésien de |’éther 


tétrahydropyrannylique du chloro-4 t l-1, sur les éthers d’énols des cyclohexanediones-1, 3 (1, I’), 
réduction des ydroxybutyl)-3 cyclohexéne-2 ones-! Il‘) obtenues en cyclohexanones III ), 
et finalement, traitement de ces derni¢res par le tribromure de phosphore 


On décrit une variante dans laquelle la cycloalcoylation est effectuée sur les (w-bromobutyl)-3 


cyclohexéne-2 ones-1 (V1) 


Abstract—The action of sodium t-amyloxide on 3-(@-bromobuty!) cyclohexanones (cycloalkylation) 


yields «-decalones When the 2 position of the initial cyclohexanone is unsubstituted, the reaction 
yields an equilibrium mixture of isomers (largely trans); but when the cyclohexanone bears a 2-alkyl 
group, the only product is the cis «-decalone with an angular alkyl group. This cycloalkylation thus 
appears to be stereospecific 

The synthesis of the four «-decalones (Va, Vb, V’a, V’b) is described 

The 3-(w-bromobutyl) cyclohexanones were prepared by the action of the Grignard reagent from 
the tetrahydropyranyl ether of 4-chl ro-l-butanol on the 1,3-cyclohexanedione enol ethers (1, I’), 
reduction of the resulting 3-(w-hydroxybutyl) cyclohexenones (II, Il’) to the cyclohexanones (III, 
III’), and finally treatment of the latter with phosphorus tribromide 

A variant is described in which the cycloalkylation is carried out on the 3-(@-bromobutyl) cyclo- 


hex-2-enones (V1) 


A LA formule de la décalone-l correspondent deux configurations; deux stéréo- 
isoméres sont, en effet, connus: la trans-decalone-| et la cis-décalone-1, pour lesquelles 
on admet la conformation a “deux chaises’’!~( Bien que deux conformations différentes 


a “deux chaises’’ soient possibles pour la cétone cis,* elles n’ont pas été isolées.) 


L’isomérisation est facile pour les décalones-1 non substituées sur le carbone-9 ;3-> 
elle procéde par énolisation du cété de ce carbone et s’opére le mieux en milieu alcalin: 


1D. H. R. Barton, J. Chem. Soc. 340 (1948). 

2 W. Klyne, Experientia 12, 119 (1956). 

3H. E. Zimmerman et A. Mais, J. Amer. Chem. Soc. 81, 3644 (1959) 
* D. Biquard, Bull. Soc. Chim. Fr. 725 (1941) 

®* W. Huckel, Liebigs Ann. 441, 1 (1925) 
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l’équilibre est alors nettement en faveur de la configuration trans (90 a 95°). Par 
contre la présence d’un substituant angulaire en 9 ne permet plus l’isomérisation par 
énolisation et la meilleure technique, pour la méthyl-9 décalone-1 par exemple, fait 
appel au chauflage (a 250°) en présence de charbon palladie,” la proportion de forme 
trans 4 Véquilibre n’étant plus que de 40 

ll apparait que la configuration de la décalone-! formée dans une réaction donnée, 
ne pourra pas tre conservee s1 le milieu réactionnel favorise l’énolisation. Seule, la 
présence d'un substituant angulaire en 9 (ou destiné a devenir angulaire dans une 
synthése par cyclisation), doit permettre le maintien de la stére¢ochimie apportee par 
toute réaction en milieu acide ou alcalin 

L’examen des différentes méthodes de synthése des décalones-1 permet de les 
classer en trois categories 

(1) les synthéses ot le corps de départ a déja le squelette bicyclique; 

(2) celles ot il est procédé a lédification du cycle portant la fonction carbonyle; 

(3) les alcoylations des décalones-1, 4 méthyléne actif en 2 bloqué ou non. 

Les méthodes de la premiére categorie font surtout appel a un «-naphtol et passent 
par l'intermédiaire des décalols-!. D’abord utilisée par Leroux, qui le premier obtint 
ainsi la trans-décalone-| via le trans-décalol-1,’ ce mode de préparation fut con- 
sidérablement utilisé et mis au point par d'autres auteurs;>*~" il reste a lheure 

éressant, mais 1l est pratiquement limité a la preparation 
des cis- et trans-décalones-| ellesmémes. Dans cette méme série, il convient de ranger 
l’obtention du mélange des cis- et trans-méthyl-9 décalones-1 par application de la 


réaction de Reimer et Tiemann, au tétrahydro-5,6,7,8 naphtol-1, suivie de lhydro- 


génation catalytique de la dichlorométhyl-9 A-2.3:4.10-hexalone-! intermédiaire™ 


de méme que le passage d'une triméthyl-7.7.10 A-1.9 octalone-2 aux deux décalones-| 


stereoisomeres correspondantes, pal des reactions stéréospécifiques."” 
La deuxiéme catégorie rassemble les préparations ou, partant d’un cyclohexa- 
nique, on lui adjoint le cycle devant contenir la fonction carbonyle. Dans trois 


d’entr’elles®:") la cyclisation est effectuée par une condensation alcaline intra- 


moléculaire composé 6-dicarbonylé; elle conduit a une décalone-1 non substituée- 
9, donc a l’équilibre ot predomine nettement la configuration frans. Dans la synthése 
de Bachmann et Dreiding"* ’étape principale est la cyclisation d’un diacide, ou de son 


diester, de configuration cis portant déja le méthyle destiné 4 devenir angulaire; on 


obtient donc la cis-méthyl-9 décalone-!. Dans d'autres synthéses,"” la réaction 


de cyclisation conduit 4 une A-4,10(0u 5,10)-méthyl-9 octalone-1; Ihydrogénation 
catalytique de celle-ci donne la seule cis-méthyl-9 décalone-1. Par contre, la réduction 


A. Ross, P. A. Smith et A. S. Dreiding, J. Org. Chem. 20, 905 (1955) 
7 H. Leroux, C. R. Acad. S Par 144, 981 (1907) 
* A. J. Birch et R. Robinson, J. Chem. Soc. 501 (1944) 
*C. D. Gutsche et H. H. Peter, J. Amer. Chem. Soc. 77, 5971 (1955) 
1° W. G. Dauben, R. C. Tweit et C. Mannerskantz, J. Amer. Chem. Soc. 76, 4420 (1954) 
1 W. S. Johnson, J. Amer. Chen xc. 6S, 1317 (1943) 
2H. Wynberg et W. S. Johnson g. Chem. 24, 1424 (1959) 
13 F. Sondheimer et W. Wolfe, Canad. J. Chem. 37, 1870 (1959) 
4 J. W. Barrett, A. H. Cook et R. P. Linstead, J. Chem. Soc. 1065 (1935) 
15 A. M. Downes. N. S. Gill et F. Lions, J. Amer. Chem. Soc. 72, 3464 (1950) 
1 W. E. Bachmann et A. S. Dreiding, J. Org. Chem. 13, 317 (1948) 
17 C. K. Chuang, Y. L. Tien et C. M. Ma, Ber. Dtsch. Chem. Ges. 69, 1494 (1936) 
18 G. H. Elliott et R. P. Linstead, J. Chem. Soc. 660 (1938) 
1° J. W. Cook et € 4. Lawrence, J. Chem. Soc. 817 (1937) 
20 A. M. Gaddis et L. W. Butz, J. Amer. Chem. Soc. 69, 117 (1947). 
21 A. A. Plentl et M. T. Bogert, J. Org. Chem. 6, 669 (1941). 
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catalytique de la A-9,10-octalone-1, cétone obtenue elle aussi par une réaction de 
cyclisation, donne le mélange des cis- et trans-décalones-1. 

L’alcoylation des décalones-1, conduisant au dérivé alcoylé-2,'* nécessite, si l’on 
désire obtenir la cétone alcoylée angulairement en 9, de bloquer provisoirement le 
méthyléne actif en 2. Ont été utilisés les groupements protecteurs: benzylidéne,™ 
a6. et butyl- 


N-méthylanilinométhyléne,® 


thiométhyléne.*’ La méthylation des décalones, ainsi bloquées en 2, conduit chaque 


furfurylidéne ;**: 


fois 4 un mélange de frans- et de cis-méthyl-9 décalones-1 (toujours bloquées), dont 
les proportions varient avec la nature du groupement protecteur; leur séparation est 
possible et par élimination de ce dernier on obtient la méthyl-9 décalone-1 corre- 
spondante stéréochimiquement pure. 

Les différentes méthodes de synthése des décalones-1 apparaissent limitées; 
d’autre part, celles qui procédent a l’édification d’un cycle, construisent toujours le 
cycle carbonylé. Il nous a semblé intéressant de préparer les décalones-1 par alcoyla- 
tion intra-moléculaire des (#-bromobutyl)-3 cyclohexanones, c’est-a-dire de fixer, en 
position 3 d’une cyclohexanone, une chaine a quatre carbones, terminée par un atome 
de brome et de refermer cette chaine par une réaction de cycloalcoylation, par 
l’intermédiaire d’un agent alcalin convenable, tel que le t-amylate de sodium. 

Cette méthode s’est réveélée facile; elle présente le double avantage 

(1) d’étre applicable a la préparation de nombreuses décalones-1, diversement 
substituées, par exemple gem-diméthylées, ou méthylées angulairement; 

(2) d’étre stéréospécifique, la cycloalcoylation finale se faisant selon une direction 
bien déterminée et conduisant, dans le cas des cyclohexanones déja substituées en 2, 


a la seule décalone de configuration cis. 


Dans ce mémoire, nous exposons la synthése de quatre représentants de la série: 
la décalone-| (Va) 

la diméthyl-3,3 décalone-1 (Vb) 

la méthyl-9 décalone- 1(V’a) 

la triméthyl-3,3,9 décalone-1 (V’b) 


par action du t-amylate de sodium sur les quatre (w-bromobutyl)-3 cyclohexanones 
(IVa, IVb, [V’a, [V’b) correspondantes, préparées de maniére sensiblement identique. 

La préparation de (IVa) et (1Vb) se fait par la série de réactions suivantes: le 
dérivé magnésien du chloro-4 butanol-1, 4 fonction OH bloquée par le dihydropyranne 


est mis en réaction avec respectivement l’éther éthylique d’énol de la cyclohexanedione- 


#2 J. W. Cook et C. A. Lawrence, J. Chem. Soc. 1637 (1935) 

23 W. S. Johnson, B. Bannister et R. Pappo, J. Amer. Chem. Soc. 78, 6331 et 6339 (1956) 

#4 W. S. Johnson, I. A. David, H. C. Dehm, R. J. Highet, E. W. Warnhoff, W. D. Wood et E. T. Jones, 
J. Amer. Chem. Soc. 80, 661 (1958) 

2 W. S. Johnson et H. Posvic, J. Amer. Chem. Soc. 67, 504 (1945) 

26 W. S. Johnson et H. Posvic, J. Amer. Chem. Soc. 69, 1361 (1947) 

27 R. E. Ireland et J. A. Marshall, J. Amer. Chem. Soc. 81, 6336 (1959) 
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1,3 (Ia), et de la dimédone (Ib); hydrolyse acide du produit réactionnel* améne, 
avec la décomposition du complexe magnesien, la deshydratation de la fonction alcool 
tertiaire et la régénération de la fonction alcool primaire. Les («-hydroxybutyl)-3 
cyclohexéne-2 ones-1 (Ila) et (IIb) sont alors réduites catalytiquement en les cyclo- 
hexanones (Illa) et (IIIb) a partir desquelles on passe aux (w-bromobutyl)-3 cyclo- 
hexanones (IVa) et (IVb) par action de PBry. 

La préparation de (1V'a) et (IVb), utilise la réaction du méme magnésien 4 OH 
bloqué précédent, avec respectivement l'éther isobutylique d’énol de la méthyl-2 
cyclohexanedione-|, 3 (L'a) et de la triméthyl-2,5,5 cyclohexanedione-1,3 (1 ‘'b)—(comme 
il a déja été signalé,*” la préparation de l’éther isobutylique d’énol de ces cyclo- 
hexanediones-1,3 substituées-2 est beaucoup plus facile que celle de l’éther éthylique) ; 
les méthyl-2(¢ -hydroxybutyl)-3 cyclohexéne-2 ones-! (II’a) et (IIb) ainsi obtenues 
sont réduites par le lithium et lammoniac en les cyclohexanones correspondantes 
et catalytique de et est difficile; elle n’a pas 
conduit 4 des résultats intéressants)—; par action de PBr, sur (III’a) et (IIIb), on 
passe alors aux cetones bromées (1V‘a) et (1V’b) 

La cycloalcoylation des (@-bromobutyl)-3 cyclohexanones (1Va) (1Vb) (IV‘a) (IV'b) 
en les décalones (Va) (Vb) V‘a) (V’b) est faite par l’intermédiaire du t-amylate de 
sodium, en solution diluée (N/50); la cétone bromée et le t-amylate en quantites 
équimoléculaires sont mis en reaction dans le benzéne bouillant pendant trois heures; 
aprés reprise a l'eau chlorhydrique, la décalone est isolée par distillation; les rende- 


ments sont compris entre 55 et 60° 


(1) Cyceloalcoylation de (1Va) 

Préparation de la décalone-\ ( Va). La chromatographie de vapeur, les spectres U.V. 
et LR., les dérivés caractéristiques montrent qu'on obtient un mélange des deux 
stéréoisoméres constitué par environ 90", de trans, cest-a-dire le mélange a l’équilibre 
déja obtenu différemment et étudie par d'autres auteurs ‘4 Comme preévu, la réaction 
de cyclisation s’opérant en milieu fortement alcalin conduit a l’équilibre, trés riche en 
forme trans, ce qui ne veut pas dire que ce soit cette configuration qui se forme dans la 
réaction de cycloalcoylation. Il y a tout lieu de penser au contraire, que la cyclisation 
fournit la cétone stéréoisomére cis (voir plus loin), laquelle en milieu t-amylate doit 
étre rapidement isomerisée. I apparait en fait que le t-amylate de sodium en solution 
est l'agent d’isomérisation idéal des décalones-| non substituées-9, beaucoup plus 


intéressant que les bases utilisées jusqu ‘ici 


* L’hydrolyse doit étre suffisamment acide pour amener la deshydration totale de l'alcool 


tertiaire et la régénération compléte de la fonction alcool primaire un milieu trop acide conduit 
| 


aussi (dans le cas de Ila, par exemple) a la formatior 1 produit VIII né de l’élimination d'une 


molécule d'eau entre l'une et l'autre des deux fonctions alcool. (Voir partie expérimentale.) 


* ©. Meck. J. Turnbull et W. Wilson, J. Chem. Soc. 811 (1953) 
2° N. Saha. P. Bagchi ect P. Dutta, J. Amer. Chem. Soc. 77, 3408 (1955). 
3° A Eschenmoser, J. Schreiber et S. A. Julia, Hele. Chim. Acta 3%, 482 (1953) 
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(2) Cycloalcoylation de (1Vb) 


Préparation de la diméthyl-3,3 décalone-| (Vb). Cette décalone n’est pas décrite 
dans la littérature. L’étude du produit rectifié Eb,,:130° a été menée de la méme 
maniére que pour (Va). La chromatographie de vapeur donne ici aussi deux pics 
trés inégaux, celui que nous attribuons a l’isomére cis (le plus petit) apparaissant lui 
aussi le premier; mais le rapport des aires, qui était voisin de 10 pour (Va), est ici 
proche de 20. D’autre part le spectre I.R. du produit isolé 4 la sortie du chromato- 
graphe et correspondant au pic principal est pratiquement identique a celui du produit 
rectifié. Enfin les températures de fusion des dérivés (oxime, semicarbazone, DNP) 
obtenus a partir de ce produit de rectification sont stables aprés une seule recristal- 
lisation. 

Il apparait donc que la diméthyl-3,3 décalone-1 obtenue est constituée pratique- 
ment par un isomére unique (95%) auquel nous attribuons la configuration trans, 
ce que confirme d’ailleurs le maximum d’absorption U.V. (292,5 mu dans I’alcool) 
qui correspond parfaitement a une trans-décalone-1 (le maximum pour la cis serait 
attendu 5 my plus haut.*** 


(3) Cycloalcoylation de (1V‘a) 


Preparation de la cis-méthyl-9 décalone-| (V'a). Les isoméres cis et trans sont 
bien connus; leurs spectres 1.R. notamment ont été donnés par Dreiding® et par 
Gautschi.*' L’étude du produit isolé par rectification nous montre qu’il est constitué 
uniquement par la cétone cis. La chromatographie de vapeur donne un seul pic 
parfaitement symeétrique. Les spectres I.R. et U.V. du produit de rectification et du 
produit isolé a la sortie du chromatographe sont identiques et en accord avec ceux 
publiés pour lisomére cis. Les dérivés caractéristiques confirment la structure cis. 

En vue d’obtenir un échantillon d’isomére trans, nous avons isomérisé la cis- 
décalone-| (Va) selon la technique de Dreiding et de ses collaborateurs,® laquelle fait 
appel au chauffage a 250° sur charbon palladié. L’examen en chromatographie de 
vapeur, dans les mémes conditions que pour la cétone (V‘a) de cycloalcoylation, du 
mélange cis-ftrans ainsi obtenu, montre que les deux isoméres sont parfaitement 
sépareés, la cétone trans, identifiée par son spectre I.R. étant éluée aprés la cétone cis, 
comme pour (Va) et (Vb). D’autre part l’isomérisation semble moins facile que ne 


lindiquent les auteurs;® en accord avec ces derniers, nous avons constaté que les 


proportions a l’équilibre sont voisines de 40°, de trans et 60%, de cis; mais il faut un 
contact de 24 heures (au lieu de 2 heures) a 250° sur un exces de charbon palladié, 
pour obtenir ce rapport cis/trans. Un contact plus long fait apparaitre sur le chromato- 
gramme trois pics supplémentaires, dont les temps de rétention sont plus courts que 
ceux des deux cétones isoméres, et qui semblent dus a des produits d’aromatisation. 

En accord avec,"*-*' on a obtenu la méme cis-méthyl-9 décalone-1 (V’a), par 


hydrogenation catalytique de la méthyl-9 octalone-1 (VIIa), préparée dans la 


variante exposée plus loin. 


(4) Cycloalcoylation de (1V'b) 

Préparation de la cis-triméthyl-3,3,9 décalone-1 (V'b). La cétone rectifiée brute, 
Eb, : 118-121°, obtenue par action du t-amylate sur (IV’b), se solidifie dés sa dis- 
tillation, fondant entre 50° et 58°; une seule recristallisation suffit pour obtenir un 
*! F, Gautschi, O. Jeger, V. Prelog et R. B. Woodward, Helv. Chim. Acta 37, 2280 (1954). 
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En chromatographie de vapeur cette cétone brute donne 


point de fusion fixe F 58 


un seul pic symetrique; le produit correspondant rec ucilli a la sortie du chromato- 


graphe fond toujours 4 58°. Il est alors evident que lisomere forme est unique; son 
spectre I.R. ne permet pas de conclure quant 4 sa configuration, mais le maximum 
d’absorption U.V. (AE“°": 289 my) s‘accorde beaucoup micux avec une configuration 


cis que trans.*.* 
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Une confirmation a la structure cis de (V’b) a été apportée par son obtention par 
hydrogénation catalytique de la triméthyl-3,3,9 octalone-1 (VIIb) préparée dans la 
variante ci-aprés. De méme qu’on avait obtenu a partir de (VIla) une seule décalone 


de configuration cis (Va) (réaction déja signalée, dans ce cas précis, comme stéréo- 


spécifique’*~*"), de méme obtient-on ici une seule décalone (V’b) dont la configuration 


cis est ainsi plus solidement établic 
L’isomeérisation de la cis-triméthyl-3,3,9 décalone-1 (V'b) apparait encore plus 


difficile que celle de la cis-méthyl-9 décalone-1 (V’a). Aprés 24 heures 4 250° sur 


charbon palladié, on retrouve le produit pratiquement inchangé; on note simplement 


une fusion moins franche du produit brut; mais le chromatogramme fait apparaitre 


toujours le pic unique de la cétone cis 


Il’ —» VIL-> V’ 


Variante 


Cette variante, qui n’a été appliquée qu’a l’obtention des deux décalones 4 méthyle 
angulaire (V’), consiste a inverser l’ordre des réactions de réduction de la double 
liaison éthyléenique et de cycloalcoylation. Dans la voie n 1 (@-hydroxybutyl)- 
3 cyclohexene-2 one-| (II) est d’abord réduite, puis traitée par PBr, et 1'(@-bromo- 


butyl)-3 cyclohexanone soumuse a la cyclisation parle t-amylate: dans la variante. 
on procéde d’abord a l'action de PBr.. sur (II), qui donne 1‘(@-bromobutyl)-3 cyclo- 
hexéne-2 one-! (VI laguelle est alors s e a la cycloalcoylation pal le t-amylate. 


te italytiquement 


e déplacement de 


la double liaison en 4.10 ou en 5,1 Les faibles quantites en octalones (VIIa) et 
(VIIb) obtenues ne nous ont pas permis de préciser la position de leur double liaison 
On est conduit vraisemblablement, dans les deux cas, a un mélange des deux octalones 
pos ibles, car les DNP obtenues n'ont pas de point de fusion franc, méme apres 
plusicurs recristallisations, alors que | inalyses donnent les chiffres attendus. Les 


spectres U.V. et I.R. des cétones obtenues et de leur DNP accusent bien, dans les 


deux cas, la présence d'un carbonyle non conjugué 


L’hydrogénation des octalones rectifiées brutes (VIla) et (VIIb), en présence de 


‘nt aux cis-méthyl-9 décalones-| (V'a et V'b) obtenues 


platine, conduit quantitatis 


par la voie normale. Ceci est vérifie par les spectres I.R. et les DNP. La chromato- 


graphie de vapeur indique la seule présence de lisomére cis 


Le rendement final en les décalones (V’a) et (V’b) est plus faible, car les bromo- 


butyl-3 cyclohexenones (VI) sont fragiles et se décomposent partiellement lors de la 


distillation, méme sous vide poussé; de plus, leur cycloalcoylation pat le t-amylate 


conduit a une importante proportion de produits résineux. 


Cependant, l’obtention de (Va) et (V’b) par cette variante montre que notre 


réaction de cycloalcoylation est applicable aux cétones cycliques non saturées; 


d’autre part, elle confirme la configuration cis pour la triméthyl-3,3,9 décalone-l 


(V’b) obtenue par la voie normale 


DISCUSSION 


La méthode de synthése des décalones-| ici décrite, donne des rendements globaux 


voisins de 12°, a partir des éthers d’énol des cyclohexanediones-1,3. Les rendements 


indiques jour chaque ¢tape se rapportent a des produits rectifi¢s purs. Certaines 


= 
te 
en la décalone a méthyle angulaire 
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étapes, notamment la bromuration, sont probablement susceptibles d’amélioration. 
La variante donne des rendements globaux plus faibles, par suite de l’isolement 
difficile de la bromobutylcyclohexénone et sa résinification importante dans la réaction 
de cycloalcoylation 

La stéréospécificité de la cycloalcoylation, qui, dans les cas ou l'on part d’une 
(w-bromobutyl)-3 méthyl-2 cyclohexanone, conduit a la seule cis-méthyl-9 dec: ilone-I, 
apparait intéressante (Notons que nous avons verific expérimentalement que les 


quatre décalones ainsi nat restent inchangeées lorsqu’elles sont traitees par le 


t-amylate de sodium, dans des conditions voisines de la réaction de cycloalcoylation, 
[on retrouve le méme mélange cis-trans pour les décalones non méthylées en may et 
Vb) et le maintien intégral de la configuration cis pour les méthyl-9 décalones (Vz 
et (V’b)}) 

Si l'on considére les («-bromobutyl)-3 méthyl-2 cyclohexanones, on peut admettre 


que, selon toute probabilite, la chaine w-bromobutyle est li¢e au cycle par une liaison 


Br 
équatoriale (cette probabilité devient une quasi- -certitude dans le cas de la cyclo- 
hexanone ayant, en plus, un gem-diméthyle en 5 et nous avons vu que, dans les deux 
cas, la cycloalcoylation suit le méme processus sterique et donne uniquement la 
cis-méthyl-9 décalone-| correspondante). 

Deux processus steriques se ulement pourront donc présider a la cycloalcoylation : 
soit l’attaque du carbone porteur du brome par le carbanion en C-2 (avec expulsion 
simultanée de I'halogéne), la liaison creee ¢etant du méme cété que lhydrogéne du 
carbone 3 (voir schéma 1), avec formation de la trans-méthyl-9 décalone-1 (a/coylation 
equatoriale); soit la méme attaque par le méme carbanion en C-2, du carbone porteur 
du brome, mais ce dernier se trouvant du cété opposé a Ihydrogéne du carbone 3 
(voir schéma 2), avec formation de la cis-méthyl-9 déecalone-1 (alco) vilation axiale). 

L’expérience donne uniquement la cis-décalone; elle apporte l’évidence d’alcoyla- 
tions de cyclohexanones non rigides et non encombreés stériquement, seffectuant unique- 
ment selon une direction axiale. 

Notons cependant que l’examen des modéles moléculaires Dreiding fait apparaitre 
un premier élément défavorisant le schéma |: la présence de I’hydrogene axial en 3 qui 
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peut géner l’attaque du carbanion en C-2 du méme cété. (Un exemple du réle des 
hydrogénes voisins dans la stéréospécificité de la réaction d’alcoylation des cyclohexa- 


nones a été donné par Johnson”). 
D’autre part on rencontre également une certaine difficulté, dans le cas du schéma 


1, 4 amener le carbone porteur du brome juste au-dessus du carbanion en C-2, les 


interactions des hydrogénes de la chaine semblant, de plus, n’étre pas aussi négligeables 


que dans le cas du schéma 2. 
L’étude d’autres cycloalcoylations de ce type devrait permettre de préciser le réle 


de ces différents éléments dans la stéréospécificité de la réaction. 


PARTIE EXPERIMENTALI 


Ethers d’énols des cyclohexanediones-1,3 (la) (1b) 


L’éthoxy-3 cyclohexéne-2 one-1! (la) et la diméthyl-5,5 éthoxy-3 cyclohexéne-2 one-1 (Ib) sont 


préparées, selon,** par éthérification directe respectivement de la cyclohexanedione-1,3 et de la dimé- 


done, avec |’éthanol en solution benzénique, en présence d’acide p-toluenesulfonique (rendements de 
70 a 
La méthyl-2 isobutoxy-3 cyclohexéne-2 one-! (I’a) est préeparee selon*® par un procédé identique 


(Rdt: 88°.) appliqué a la méthyl-2 cyclohexanedione-1,3 et a l’isobutanol 


La méme méthode*’ appliquée a la triméthyl-2,5,5 cyclohexanedione-1,3 obtenue selon,** donne la 


triméthyl-2,2,5 isobutoxy-3 cyclohexéne-2 one-| (1'b) avec un rendement de 92 Eby o9: 114-116°; 


F: 66° (éther de pétrole); 268 mu (20.300); 1635cm™; 1616cm~'; 1235 


cm~' (en pastille BrK) (voir**) 


(Chloro-4 butoxy)-2 tétrahydropyranne (1X) 


Dans un ballon refroidi par une circulation d'eau, contenant 542 g (5 moles) de chloro-4 butanol-1, 


obtenu selon,**»** on ajoute par petites portions 504 g (6 moles) de dihydropyranne; on porte ensuite 


le mélange 4 40° pendant deux heures. On ajoute alors 25 g de CO,Na, et rectifie sous vide. On 


recueille 787 g (Rdt: 82°.) de (chloro-4 butoxy)-2 tétrahydropyranne (IX): Eb,,: 130-131 
ny : 1,4593 (déja décrit**~*") 


(w-Hydroxybutyl)-3 cyclohexéne-2 one-1 (Ila) 


Une solution de 347 g (1,8 moles) de (chloro-4 butoxy)-2 tétrahydropyranne (IX) dans 700 ml de 


tétrahydrofuranne sec est ajoutée goutte a goutte dans un ballon contenant 50 g (2,05 at. g) de mag- 


nésium qui a ete préalablement activé par un début de réaction avec une solution éthérée de bromure 


d’éthyle (laquelle a éte ensuite éliminée) 


La formation du magnésien nécessite une agitation mécanique et un chauffage a ébullition 


Apres introduction, on maintient le reflux pendant 2 heures (Rdt en magnésien ~65°%,). Dans la 


solution bouillante et agitée on ajoute peu a peu une solution de 153 g (1,1 moles) d’éthoxy cyclo- 


hexéne-2 one-! (la) dans 300 ml de tétrahydrofuranne; le reflux est maintenu encore 2 heures, puis 


700 ml de solvant sont distillés. Aprés refroidissement, le produit réactionnel est versé sur de la glace, 


et acidifié par CIH jusqu’a pH 5. La phase organique est extraite en trois fois par 1 Ll. d’éther; les } de 


léther sont éliminés par distillation, et au résidu, on ajoute un mélange de 120 ml d’éthanol, 80 ml 


d’eau et 15 ml d’acide sulfurique. Aprés repos de quelques minutes, on reprend par 800 ml d’eau et 


extrait plusieurs fois 4 l’éether. Les extraits ¢thérés sont rassemblés, lavés avec une solution saturée 


de carbonate de sodium, séchés sur sulfate de magnésium puis distillés. On isole 139 g (Rdt: 75%), 


32 W. S. Johnson et D. Allen, J. Amer. Chem. Soc. 79, 1261 (1957). 
33. R. L. Shriner et H. R. Todd, Organic Syntheses Coll. Vol. Il p. 200. John Wiley, New York (1948) 
%4 J. M. Conia et A. Le Craz, Bull. Soc. Chim. Fr. 1929 (1948) 

%° D. Starr et R. M. Hixon, Organic Syntheses Coll. Vol. Il, p. 571. John Wiley, New York (1948). 
%6 H. Normant, Bull. Soc. Chim. Fr. 422 (1950) 

37 C. Crisan, Ann. Chim. 436 (1956). 

** H. Spiegelberg et K. Doebel, Helv. Chim. Acta 39, 283 (1956). 

** R. Denss, F. Hafliger et S. Goodwin, Helv. Chim. Acta 40, 402 (1957). 
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d'(w-hydroxybutyl)-3 cyclohexéne-2 one-1 (Ila). Ebp,.: 123-128 ni}: 1,503 235 my (8400); 
3460cm™; rong: 1670cm™"; Fence: 1630 cm (film liquide) (trouvé C: 71,47; H: 8,92; 


CyH,O, exige: C: 71,43; H 9,52°,); p-nitrobenzoate F: 82 (trouvé N 4,39; C,,H,yg O;N 
exige N 4,42°,). 


Nota: Si hydrolyse est faite en milieu plus acide (100 ml de SO,H, au lieu de 15), la rectification 
montre l’existence, dans les fractions de téte du produit final, d'un composé Ebp,»: F: 
282.5 my (20) reno: 1710 (en pastille BrK), qui doit tre l’oxa-1 spiro [5,5] undécanone-8 


(VIID (trouvé: C 71,00: H 9,44; exige: C 71,43 H 9.52°.) formée dans "hydrolyse. Ce 
composé donne une oxime F: 98° (trouvé: N 7,69; C,)H,,O,N exige N 7,64") 


(w-Hydroxvbutyl)-3 cyclohexanone (Ila) 


50 g (0,3 mole) d’(w-hvdroxybutyl)-3 cyclohexéne-2 one-1 (Ila) dans 250 ml d’éther sont hydro- 
genes a la pression ordinaire en presence d’l g de platine Adams. Apres trois heures, on a fixe la 
quantité théorique, soit 7200 ml d*hydrogéene. Apres decantation du catalyseur, on ¢vapore 80°. de 
l'éther et le résidu est agite secoueuse avec un excés d’une solution de bisulfite de sodium La 
combinaison bisulfitique séparée par essorage, lavée a ether, puts traitee par une solution aqueuse 

CONa ap! froidissement, | . vénérée est extraite a l’éther, séchée et 
mone (Illa) Eb 112-114 

(film liquide) p-nitroben- 

I 129° (trouvé: N 7,77; 


34 (0.2 mole) 
duit goutte a goutte 


agitation pe 


15 minutes e la glace et neutralise 
par de la soud yueus res la ther sechage sul 1, on tsole par rectification, 


25 (Rdt hromobut evcloh non 104-106 np 1.479: 3 
(trouve A2; 9, H,,O,N,Br exige: N 13,55; 


Décalone 1 (Va) ( 


Dans 100 ml de < n ajou (0.05 mole) d'(m-bromobutyl)-3 cyclohexanone 


(1Va) et 22 mi d'une solutu n 2.4 -amviate de m 05 mole), l'on chauffe 
trou heu refi i froidissement, | } u étant encore égérement alcalin, on reprend a 


La couche benzénique est décantée, sechee sur 
CLCa et rectifice i de décalone-1: Eb 120°: 1.4855; Anes 290 


l'eau et neutralise 1d acid yvdrique 


ma (22) DNP . tous chill n ceux donnés dans la litterature, * 


pour la 
trans-décalone-| amen du spects le |i é rectifiée, compare a Ce Ix donnés dans la 
littérature,** pour les deux ts - t fra pect jul ynt differencies que par une bande a 
938 cm pour la cis, ria tre m | absente chez la cis-) montre 
que cette cetone est consti | nvi » 1 somere frans et d'isomere cis, ce qul corre- 
spond au mélange a equ c a chromatographie de vapeur sut colonne de silicone (1,5 m) a 
250°. (pression a l'entrée: 200 g) montre l'apparition de deux pics dont les aires sont approximative- 
ment dans le rapport 10: le premier, qui est le plus petit, accuse un temps de rétention de 5,5 minutes, 
le deuxiéme de 6,5 minutes. Lar pération, a la sortie du chromat ygraphe, du produit correspon- 
dant au grand pic, montre qu'il fond bien ¢ (la littérature donne I 33° pour la trans-décalone-1) 
et son spectre I.R. est superposable a celu donne par un échantillon authentique de trans-décalone-| 

L’action dut amylate de s xdium sul la décalone-1! tsolee pat rectification ne modifie pas le rapport 
cis/trans: on chauffe a reflux pendant deux heures une solution de 0,5 ¢ de décalone-1 dans 10 ml de 
benzene. a laquelle on a ajouté 1 ml de t-amylate de Na benzenique 2 N; apres refroidissement, on 


lave a l'eau chlorhydrique, separe la couche organique et ¢vapore benzéne et alcool t-amylique sous 


A L. Wilds et N. A. Nelson, J. Amer Chem. Soc. 75, 5360 (1953) 
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vide; le spectre I.R. du résidu, pratiquement analogue a celui de la décalone de départ, ne montre 
aucune variation d’intensité des bandes caractéristiques des isoméres cis et trans. 


Diméthyl-5,5 (@-hydroxybutyl)-3 cyclohexéne-2 one-1 (ib) 


La réaction de la diméthyl-5,5 éthoxy-3 cyclohexéne-2 one-1 (Ib) avec le magnésien du (chloro-4 


butoxy)-2 tétrahydropyranne (IX) et l’isolement du produit réactionnel sont conduits exactement 
comme ci-dessus pour la synthése de Ila. A partir de 168 g de Ib (1 mole), on obtient 143 g (Rdt: 
73%.) de diméthyl!-5,5 (@-hydroxybutyl)-3 cyclohexéne-2 one-1 (IIb): Eb, .: 135-139°; mp: 1,497; 
237 (7100); v9 3360 1650 cm™ 1625 cm™ (film liquide). p-nitro-benzoate 
F: 109° (trouvé N 4,24; C,,H.,;0,N exige N 4,07°%) 


Diméthyl-5,5 (w-hydroxybutyl)-3 cyclohexanone 


L*hydrogénation catalytique de IIb et la purification subséquente de la cétone saturée, par passage 
par son dérivé bisulfitique, sont conduites comme pour Ila. A partir de 59 g de IIb, on obtient 37,6 g 
(Rdt: 63°.) de diméthyl-5,5 (w-hydroxybutyl)-3 cyclohexanone (IIIb): 118-120°; 
1,472; 284 mu (23); 3460cm™!; 1710 cm™ (film liquide) p-nitrobenzoate F: 74 
(trouve N 4,21; C.,H.,O,N exige N 4,03)-Oxime |! 121° (trouvé N 6,53: C,.H..O.N exige 


N 6,53°,). 


Diméthyl-5.5 (w-bromobuty!l)-3 cyclohexanone (1Vb) 
La bromuration de IIIb par PBr, est effectuée comme pour Ila. En partant de 12,5 g de IIIb, on 
obtient 8.2 ¢ (Rdt 50°.) de diméthyl-5,5 (@-bromobutyl)-3 cyclohexanone: Eb 118-121 


477; ARNON: 283,5 mu (22); 1712 cm™ (film liquide) (trouvé C 54,90, H 8,12; C,,H,,OBr 


21 
my: |, 


exige C 55,25 H 8,05%,). DNP F: 93° (trouvé N 12,40; C,,H,;O,N,Br exige N 12,69°%). 


Diméthyl-3,3 décalone-1 (Vb). Cycloalcoylation de 1Vb 

On procede a la cyclisation de IVb, par le t-amylate de sodium, comme on I’a fait pour [Va (voir 
ci-dessus). A partir de 6,5 g de diméthyl-5,5 (w-bromobutyl)-3 cyclohexanone (IVb), on obtient 2,7 g 
(Rdt 58°.) de diméthyl-3,3 décalone-1 Eb 130: Ne 1.4810,: H. 292.5 mu (26): 
Yoo 1710 cm~' (film liquide). Les derives cat ictéristiques obtenus ont un point de fusion fixe apres 
une seule cristallisation. DNP |} 198° (trouvé N 15,55; C,,.H.,O,N, exige N 15,56°,); Oxime 
I 170-171" (avec sublimation) (trouvé N 7,14; H,,ON exige N 7,18°%.); Semicarbazone 
236° (trouvé N 17,93; C,,H..ON, exige N 17,72°,) 

La chromatographic de vapeur de Vb, dans les mémes conditions que pour Va, donne un chroma- 
togramme analogue a deux pics, mais dont les aires sont cette fois approximativement dans lerapport 
20. Le petit pic (cis) apparait aussi avant le grand (trans). Larécupération, al 1 sortie du chromatographe, 
du produit correspondant au grand pic, montre qu’il a un spectre I.R. pratiquement identique a celui 
de la cétone distillée. On peut considérer celle-ci comme constituée d’environ 95%, d’isomére trans 
et d'isomeére cis 

En opérant exactement comme pour Va (voir ci-dessus), on constate que l’action du t-amylate sur 
Vb, isolée par rectification, ne modifie pas le rapport cis/trans 


Méthyl-2 (w-hydroxybutyl)-3 cyclohexéne-2 one-1\ 


La réaction de la méthyl-2 isobutoxy-3 cyclohexéne-2 one-1 (I’a) avec le magnésien du (chloro-4 
butoxy)-2 tétrahydropyranne (IX) et l’isolement du produit réactionnel sont conduits comme 
précédemment pour la synthese de Ila, a la différence que le chauffage a reflux, apres introduction de 
I’a dans la solution du magnésien de IX, est maintenu pendant 16 heures (au lieu de 2) 

A partir de 182 g (1 mole) de I’a, on obtient 132 g (Rdt: 72°.) de méthyl-3 (w-hydroxybutyl)-3 
cyclohexéne-2 one-1 (II’a): Eby.,: 132-138"; nf: 1,504; 246 my (12,800); 3470 cm"; 
1666cm™'; 1627 (film liquide) (trouvé C 72,01 H 9,67; C,,H,,O, exige C 72,48 
H 9,88%). DNPF: 132-133° (trouvé N 15,31; C,;H2O;N, exige N 15,48 %) 


Méthyl-2 (w-hydroxybutyl)-3 cyclohexanone 


Divers essais d’hydrogénation catalytique de II’a en III’a ont été tentés, dans lesquels on a fait 
varier solvant et catalyseur. En opérant soit avec le platine Vavon dans l’éther, soit avec le platine 
Adams dans l’éther, ou dans l’éther + BrH (pH 2), ou dans l’ether + méthanol + NaOH (pH 11), 


a4 
4 
4 
: 
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ou dans l'acide acétique, soit avec le nickel Raney dans l'éther + éthanol, soit avec le charbon 
palladié 5%, dans le méthanol, on n’a pu obtenir de résultats positifs. Dans les rares essais qui ont 
conduit a la fixation d'un peu d’hydrogéne, on a constate un commencement de réduction du 
carbonyle 

On a donc utilisé la méthode de réduction par le lithium, l'ammoniac et l’éthanol. Dans un ballon 
de 5 |. calorifugé, muni d’un agitateur mecanique et d’un tube 4 dégagement, on place 73 g (0,4 mole) 
de méthyl-2 (w-hydroxy buty!)-3 cyclohexéne-2 one-! (II’a), 300 ml d’éther anhydre et 2,5 1. d’ammo- 


2 g de lithium. 


niac liquide Dans la solution agitée, on ajoute, en une heure, par petits morceaux, l 
(Initialement de couleur orange, le mélange devient bleu-noir). Apres 30 minutes de contact, on 
introduit goutte a goutte 120 mi d’éthanol. On abandonne une nuit pour laisser l'ammoniac s'éva- 


porer. Le résidu est alors repris par 300 mi d’eau et de l'acide chlorhydrique jusqu’a neutralité; la 
phase organique est décanteée, la phase aqueuse est réextraite a léther Les phases étherees sont 
rassemblées, séchées, puis distillées. On recueille 60 g (Rdt: 81”,) de méthyl-2 (@-hydroxybutyl)-3 
cyclohexanone (IIl‘a): Eb 130-135°; mf’: 1,481; 3400cm™'; 1710 cm" (film 


liquide). DNP F: 128 (trouve N 15,41; C,;HyO,N, exige N 15,38%,) 


Méthyl-2 (w-bromobutyl)-3 cyclohexanone (1V‘a) 
La bromuration de IIl’a par PBr, est effectuée comme pout Illa. En partant de 27,5 2 de Illa, on 


obtient 17.5 ¢@ (Rdt: 50°. de méthyl-2 (w-bromobutyl)-3 cyclohexanone (IV‘a): Eb 143-146 


nit: 1,496; JEP: 285.5 mu (23) reno 1712 cm" (film liquide). DNP F: 85° (trouve N 13,18; 


H,,O,N,Br exige N 13,11",) 


cis-Méthyl-9 décalone-| (V'a). Cycloalcoylation de 


La cycloalcoylation par le t-amylate de sodium est realisee dans les conditions indiquées plus haut 
pour [Va. A partir de 12,4 § néthyl-2 (#-bromobutyl)-3 cyclohexanone, on isole par rectification 
H 


4.7 2 (Rdt $5 is-metl -9 décalone-1! (\ a) pure Eb 3] 1,4885 


} 


287 


+} nr > ist? 
liffres en accord avec ceux do lans la litterature 


my (24) 


pour la cetone ci son spectre LR ntrerement superposable a ceux deja publies DNP }t 


164° (point de fusion fixe apres une seule cristallisation), en accord avec trouve N 16,18; 
C,.H OWN, 16,18 


La chromatographie de vapeur permet de vérifier ‘absence de toute trace d’isomere trans. Sur 
colonne d’Apiezon (1,5 m) 4 227 (pression d’entrée 130 g) un échantillon de V’‘a donne un seul pic 


parfaitement symetrique (ten ) minutes). Par contre, un échantill > V’a, 


prealable rent soumis a isomerisatior a de Dreiding et de ses collaborateurs* 


(chauffage 4 250 sur charbon palladie pendant queig heures), montre, par chromatographie de 
vapeur dans les mémes condit ‘apparition d'un deuxieme pic (temps de rétention: 43,5 minutes) 
du a la cétone tsomere frans 

lsomérisati de V'a. En vue de préciser la facilité d’isomerisation de la cis-méthyl-9 décalone-1 


par chauffage en présence de charbon pallad 


c.g ielq CSSal t ete eflectues dans lesq icls on a fait 
varier la durée du chauflag ; i ral s-met . ilone-1 (V‘a) et de charbon palladie 
5 (“Engelhard Industric uffé dans un bain métallique a 250 

apres un tem] t retro! uis Ouvert, li ilone extraite a léther anhydre et le 
catalyseur filtré; l'éther est cha vide et | j c<aminé, les proportions en isomeres cis et 
trans du mélange obtenu etant determin a iromatographie de vapeur (dans les conditions 


ci-dessus) et par spectrograp frarouge ans le domaine 1050-900 cm~'). Apres 4 heures, le 


melange appara! stitue d environ ‘ j tone et 10 de cétone 


rans, apres 20 heures, ces 
chiftres devient wt | \ rent 7 13 apres 70 heures: 60 et 35 tandis que le chromato- 
gramme accuse la pres e trois tits | nouveaux, dont les temps de retention sont plus courts 
que ceux des deux cetones tsomere n accord avec,* nous constatons donc que les proportions a 
léquilibre sont voisines de 60 > cis et 40 de trans, mais un contact de 24 heures a 250° sur 
charbon palladié semble nécessaire pour atteindre cet equilibre 


Triméthyl-2.5.5 (-hydroxybutyl)-3 cyclohexéne-2 one-\ 


La réaction de la triméthyl-2,2.5 isobutoxy-3 cyclohexéne-2 one-! (I’b) avec le magnésien du 


(chloro-4 butoxy)-2 tétrahydropyranne (IX) et lisolement du produit réactionnel sont conduits 


comme précédemment pour la synthése de II’a, c'est 4 dire comme pour la synthése de Ila, a la 


ere 

« 

4 

: 
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différence que le chauffage a reflux, aprés introduction de I’b dans la solution du magnésien de IX, est 
maintenu pendant 24 heures. 
A partir de 294 g (1,4 mole) de I’b, on obtient 188 g (Rdt: 90°,, en tenant compte de la cyclo- 


hexanedione récupérée aprés hydrolyse) de triméthyl-2,2,5 (w-hydroxybutyl)-3 cyclohexéne-2 one-1 
(IIb): Eby: 145-150°; 1,497; 245 mu (7.000); 3400cm™; 1660 cm; 


Yong 1635cm'*. DNP F: 158° (trouvé N 14,45; C,,H»O;N, exige N 14,36%) 


Triméthyl-2,5,5 (w-hydroxybutyl)-3 cyclohexanone 

En suivant le procédé de réduction par Li NH, C,H,OH, exposé précédemment pour le 
passage de II’a a III’a, on obtient, a partir de 63 g (0,3 mole) de triméthyl-2,5,5 (@-hydroxybutyl)-3 
cyclohexéne-2 one-1 (II’b), 49 g (Rdt: 77%.) de triméthyl-2,5,5 (w-hydroxybutyl)-3 cyclohexanone 
(IIIb): Eb, 140-144°; 1,479; vo 3450 1705 cm™ (film liquide). DNP F: 
88° (trouvé N 14,22; C,yH..O,N, exige N 14,28 %). 


Triméthyl-2,5,5 (w-bromobutyl)-3 cyclohexanone (1V’b) 


L’action de 19 g de PBr, sur 25 g de triméthyl-2,5,5 (w-hydroxybutyl)-3 cyclohexanone (III’b), 


dans les conditions indiquées ci-dessus pour la préparation de [Va, donne 13 g (Rdt: 40%) de 
triméthyl-2,5,5 (@-bromobutyl)-3 cyclohexanone (IV’b): Eb,,,: 139-141°; nif: 1,491; 284 
my (25) 1708 cm™': DNP F: 102° (trouvé N 12,35; C,,H,-O,N,Br exige N 12,31 %). 


cis-Triméthyl-3,3,9 décalone-1 (V’b) 


La cyclisation de 1V’b par le t-amylate de Na, conduite comme dans les trois cas précédents, donne 
-3,3,9 décalone-1 (V’b): Eb 118-121", qui cristal- 


a partir de 7 g, 3,0 ¢(Rdt: 61 ) de cis-triméthy 


lise au refroidissement: F (brute): 50-58" et apres une seule recristallisation dans l’éther de pétrole 
-Rton 

F: 59° (point de fusion fixe); my (41) 1696 (dans pastille BrK). DNP F: 

164-165° (trouvé N 15,16; C,,H.,O,N, exige N 15,00°,). Semicarbazone F: 204° (trouvé N 16,91; 


C,,H,;ON, exige N 16,74%,) 
Comme pour V’a, la chromatographie de vapeur d’un échantillon de V’b rectifiée brute, sur 


colonne (1,5 m) d’Apiezon a 


227° (pression d’entrée: 150 g) donne un seul pic bien symétrique (temps 


de rétention: 43 minutes); le produit récupéré a la sortie du chromatographe fond bien a 59°. 


Essai d’isomérisation de V’b. L’isomére formé apparaissant unique, nous avons alors tenté de 


l’isomeériser, par chauffage a 250° en présence de charbon palladi¢, dans les mémes conditions que pour 
V’a. Apres 24 heures, le produit récupéré brut, tres lé¢gérement jaune, cristallise au refroidissement ; 


on note simplement un point de fusion moins franc F: 50-59"; il donne un spectre I.R. inchangé; un 


chromatogramme redonne le méme pic unique (avec une ligne de base moins réguli¢re) 


On verra plus loin une préparation de la cis-triméthyl-3,3,9 décalone-1 (V’b) par hydrogénation 


catalytique de la triméthyl-3,3,9 \-5,10 (ou 4,10) octalone-1 (VIIb) 


Variante 


Méthyl-2 (w-bromobutyl)-3 cyclohexéne-2 one-1\ (Via) 


La bromuration par PBr;, de la méthyl-2 (@-hydroxybutyl)-3 cyclohexéne-2 one-1 (II’a) est 
conduite comme pour les céto-alcools saturés III, III’. Mais la rectification ne permet d’isoler que peu 
de méthyl-2 (@w-bromobutyl)-3 cyclohexéne-2 one-1 (Vila) (Rdt: 26°, seulement): Eb,: 145-—150°; 
ni: 1,516; 243 mu (9600); » 1655cm"; » 1625 cm~ (film liquide). DNP f 


135° (trouvé N 13,22; C,;H,yO,N, exige N 13,17 


na 


Méthyl-9 A-4.10 octalone-1 et méthyl-9 A-5,10 octalone-1 (Vila) 


Cycloalcoylation de Via. L’action du t-amylate de sodium est effectuée comme pour les (w-bromo- 


butyl)-3 cyclohexanones précédentes (voir préparation de Va). A partir de 8,2 g de Vla on n’isole par 


distillation, puis chromatographie sur alumine neutre dans I’éther de pétrole, que 1,2 g (Rdt: 22%) 
du mélange Vila: Eb 133-134 DNP } 114-140" (apres plusieurs cristallisations) (la littéra- 


ture’ donne: F: 133°); AB‘®™: 365,5 my (17.900) (trouvé N 16,17; C,;HepO iN, exige N 16,29%). 


ax 


cis-Méthyl-9 décalone-| (V‘a) (par hydrogénation catalytique de V\la) 


En présence de platine Adams, on hydrogéne | g du mélange des deux octalones Vila, dans 5 ml 


d’éther. Apres fixation de la quantité calculée d’hydrogéne (3 heures), on décante le catalyseur et 
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58 
évapore le solvant sous vide. Le spectre I R. du résidu est identique 4 celui de V’a obtenue selon la 
lie de vapeur, dans les memes conditions, donne le méme pic unique 


vore normale; la chromat 
caracteristique de la cis-méthyl-9 décalone-] 
2.5.5 } ul wexéne-2 one-1 (VIb) 

yl)-3 cyclohexéne-2 one-1 (II'b), 


Trimeéthyl-2, 
Brom neéthy , bu 
1,501; 249 mu (10-800). 


commune 


127 
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Abstract—2-Phenyl-5-oxazolone (hippuric acid azlactone, I) gives good yields of benzoylamino- 
ket es(Il the Friedel—Cral < | cety ar s O basi 


are 


It was recently shown that «-acvylaminoketones may be obtained by the reaction of 
azlactones with aromatic nuclei in the presence of aluminium chloride; the reaction 
may proceed either inter olecularly' or intramolecularly.- The present paper 
describes the condensation of hippuric acid azlactone (2-phenyl-5-oxazolone, I) with 
several aromatic hydrocarbons ArH: the benzoylaminoketones (II) thus obtained 


rted into 2-phenyl-5-aryl-oxazoles (IIT) 


< 
r 


being subsequent! 


Ihe reaction was applied to the following hydrocarbons: benzene, toluene 
m-xylien phenyicycionexanc oipneny naphthalene, fluorene, acenaphthene and 

phenanthrene. A series of nine 2-pheny iryl-oxazoles was obtained for the purpose 
‘ ‘ hea neo > 

of studying their use as scintillator solutes. Some of the compounds are not yet 


recorded in the literature 


[he Friedel-Crafts reaction of aminoacid chlorides** or phthalylaminoacid 


stead of aminoacid 


mat 


chlorides’ vields aminoketones, but the use of azlactones 


chlorides 1s a substantial sin plification the prool that azlactones are effective 


Friedel-Crafts acylating agents extends the convertion of aminoacids into alkyl- 


substituted oxazoles® to the aromatic series 


* Aminoketone Synthesis. Part Ill 
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Benzoylaminoacetylation of aromatic hydrocarbons 


Reaction conditions and yields are presented in Table | In all cases aluminium 
chloride was added to the hydrocarbon—azlactone solution (eventually in carbon 
disulphide as solvent) Benzoylaminomethyl aryl ketones (Il) were isolated by 


TABLE 1. REACTION CONDITIONS FOR THE SYNTHESIS OF BENZOYLAMINOMETHYL KETONES (II) 


Solvent Temp Yield 


Toluene 

m Xylene 

Naphthalene 3 150 
Acenaphthene 3 376 200 

Biphenyl! 2? 150 
Phenylcyclohexane 55 3 100 

Fluorene 7 155 150 
Phenanthrene 103 150 20 


filtration and washing with ether. The melting point of the crude products increased 
on subsequent purification by less than 8° in all cases, indicating that the crude 


product was a single compound and fairly pure. This standard procedure gives good 


results in the case of higher hydrocarbons, but for benzene and toluene it is un- 
satisfactory since a substantial part of the product dissolves in the aromatic hydro- 
carbon; evaporation of the organic layer from the filtrate shows that in these cases 
the real yield is of over 80 per cent.' In a few cases (phenylcyclohexane, naphthalene 
and phenanthrene), benzene was tried as solvent; the reaction proceeds normally but 
lower yields (20-30%) are secured. Owing to its low solubility, anthracene does not 
react under these conditions. The reaction with 2,5-diphenyloxazole in place of the 
aromatic hydrocarbon gives an unidentified product. 

The structure of the reaction products is based on data from the literature 
for cases a, b, c, and f. It may be seen that the orientation in the benzoylamino- 
acetylation reaction obeys the usual substitution rules. It must be borne in mind 
that the benzoylaminomethyl aryl ketones obtained are the major reaction products 
and that minor reaction products escaped observation, as when excess of hydrocarbon 
was removed in ether, minor reaction products could also be carried away. The 
compound obtained with naphthalene is the l-acylation product, as shown by its UV 
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spectrum (see last section). By analogy with the usual orientation in acylations it was 
assumed that phenylcyclohexane is substituted in the 4-position, phenanthrene in the 
3-position,’ acenaphthene in the 4-position,® and fluorene in the 2-position.® 


Preparation of 2-phenyl-5-aryl-oxazoles 
The crude benzoylaminoketones (Il) were converted into oxazoles (ILD) by de- 
hydration. In order to develop a standard procedure, phosphorus oxychloride was 
employed, as sulphuric acid is not always successful in bringing about this cony ersion, 
and under more drastic conditions has a sulphonating action. Melting points of 
oxazoles (III) with polynuclear aryl groups are about 155°, and for better characteri- 
zation, picrates were also prepared. It was observed that owing to the reduced 
basicity of the oxazole nucleus, picrates underwent slight decomposition during 
recrystallization from ethanol; this decomposition was more pronounced for poly- 
nuclear aryl groups, and in the case of f (2-phenyl-5-biphenylyl-oxazole) the picrate 
decomposed completely on recrystallization; it had to be recrystallized from ethanol 
saturated in the cold with picric acid and followed by rapid washing with ethanol. 
By the method described in the present paper, 2-phenyl-5-aryl-oxazoles (III) are 
obtained in fewer stages and with better overall yields than by any other method,’ 
especially when the aryl group is derived from a polynuclear aromatic hydrocarbon. 
Reactions (2)'®- and (3)'*™ which are most generally applied, start with benzalde- 
hyde and acetophenone respectively and lead to isomeric 2-aryl-5-phenyl-oxazoles 


(IV, Ar=Ph). 
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Synthesis of 2,5-diaryloxazoles 


Although only the azlactone of hippuric acid was studied, it should be possible to 
start from other acylated aminoacids 


(4) 


For instance, by employing other aroylglycines, Ar’—C CH,—COOH, 


oxazoles of the general formula IV may be prepared. 


ltra-viol absorption specira 


It is known, that 2,5-diaryloxazoles as a class of scintillator solutes possess the 
best scintillation characteristics. Some clinical applications of oxazole derivatives 
are also known,*!.** 

Fluorescence and absorption spectra are both important for scintillators. Ultra- 
violet absorption spectra of the 2-phenyl-5-aryl-oxazoles were determined in cyclo- 


hexane. The results are presented in Figs. 1 and 


rhe agreement with available data™ (for Ila, c, d and f) is very good. 


~ 


On the basis of the absorption spectra, an unequivocal structure determination 
can be made for compound IIld: all data for 2- (and 5-) phenyl-5-(and 2-) (1- and 
2-naphthyl)-oxazoles are available" (the 2-naphtyl derivatives have only a shoulder in 
the 230 mu region): direct comparison reveals that only 5-(1-naphthyl)-2-phenyl- 
oxazole has similar spectral data with compound IIId (only the intensity ratio e, Eo 
was previously reported because of insufficient material available.)'® 

[he bands are labelled with capital letters in the decreasing wavelength order 
(cf.*’). Two main bands, namely A (300-340 my) and C (220-225 my), are apparent 
in the spectrum of 2-phenyl-5-(alkylphenyl)-oxazoles (Ila—c, g). The longer wave- 
length band is a system of several distinct vibrational peaks: A at ca. 305 my, A’ at 
ca. 320 mu, and a shoulder A” at ca. 335 mu (for compounds Illa and IIIc, another 
small shoulder is apparent in the 290 my region). The remaining oxazoles with larger 
aryl groups in the 5-position have, besides these two band systems, an intermediate 
band, B, at ca. 270 mu which is possibly due to the isolated aryl chromophore. In 
these cases, the A band system either loses its fine structure (IIld-/), or is displaced at 
ca. 340-360 my (IIIf, i). A remarkable shift towards longer wav elengths is observed 
in passing from the naphthyl-derivative IIld to the acenaphthyl-derivative Ile. The 
largest bathchromic shifts are observed in the spectra of the fluorenyl-(IlIh) and 
phenanthryl-derivatives (III); the fine structure in the latter spectrum is very pro- 
nounced in all three bands. From the point of view of application as scintillators, 


* C. P. Bell, Jr. and F. N. Hayes (Editors), Liquid Scintillation Counting. Pergamon Press, London (1958). 
2° D. L. Aldous, J. L. Riebsomer and R. N. Castle, J. Org. Chem. 25, 1151 (1960). 
* P. Grammaticakis, Bull. Soc. Chim. Fr. 86, 821 (1953) 1372 (1954) and other papers. 
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§-(2-fluorenyl)-2-phenyl-oxazole (II14) appears the most promising, both for spectral 


and preparative reasons (for the isomeric 2-(2-fluoreny!)-5-phenyl-oxazole, cf.**) 


The similarity in spectral characteristics of tl 


ve oxazole and benzene rings has 
already been mentioned.'®.* It should be emphasized that the oxazole ring system 
has a greater polarizability, since larget bathchromic shifts result on substitution with 
conjugative substituents 


Fluorescence spectra and scintillation characteristics will be reported later 


EXPERIMENTAI 


2-Phenyl-5-oxazolone (1) In order to obtain in good yield a pure product, the following con- 


served Recrvystallized a ariea hipp ic ack l a tivefold amount of acetic 


ditions have to be o 


anhydride, is heated with stirring on a water bath previously brought to boiling, until all hippuric 


28H. Bredereck, R. Gompper and F. Reich, Chem. Ber. 93, 1389 (1960); J. Sauer, R. Huisgen and H. J 
Sturm, Tetrahedron 11, 241 (1960) 

2° Ref. 9b, p. 778; M. M. Shemyakin, S. I. Lur’e and E. I. Rodionovskaya, Zh. Obshchei Khim. 19, 769 (1949); 

M. Crawford and W. T. Little, J. Chem. Soc. 729 (1959) 


— 
j 
iy 
ae 
4 
ij 
U.N bso per of ox ) cyclohexane 
3; 2; Ile, 1 1; 0 


Synthesis of 2.5-diaryloxazoles 


oxazoles in cyciohexane 


1 5 n 2; n 1; 


acid is dissolved. The operation must be conducted as rapidly as possible (ca. 10 min) in order to 
obtain a pure and nearly colourless product. The flask is then chilled and the Ac,O AcOH mixture 
completely evaporated at 3-5 Torr on a bath (below 55 ) The product, a straw-coloured oil, crys- 
tallizes on cooling, and consists of nearly pure azlactone (97-99 yield). If during evaporation 
the azlactone crystallizes, acetic anhydride is retained in the product, which has to be absorbed on 
porous plate, and the product recrystallized from absolute ethanol or cyclohexane, resulting in smaller 
yields 

Benzoylaminomethyl aryl ketones (11) are prepared by gradual addition of anhydrous aluminium 


chloride, at 0—10°, to a mixture of azlactone (1) and aromatic hydrocarbon. The solvent is either the 
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aroma wdrocarbon itself, or carbon disulphide The mixture is stirred for 5 hr at the temp in 


dicate f 1 and 1 t overnight After hydrolysis with ice and hydrochloric acid, the 


mixtul | 1 and the product (11) asn ’ h water and ether (compound Ili crystallizes in the 


carbdor 


108 (Found 


1028 (1949) 


6 Pp. 1 
Benzoyvlaminomethyl p-tolyl ketone (1b), m.p. 114 from ethanol Lit m.p. 118-119 iter. 113 
(Found: C. 75-94: H, 612: N, 5-77. Calc. for C,.H,,.NO,: C, 75°87; H, 5-97; N, 553%) 
Be ylan methyl 2.4 etone p. 130° from ethanol, Lit."* m.p. 107- 
H. 642: N. for ¢ H,.NO ( 638: H, N. 5-24) 
Be ylaminomethyl \-na ne (il np. 148° ethanol, Lit p. 150°. (Found 
8-78; H, 1. C,,H,,NO,: ¢ H, 5-23; N, 4°84",) 
C, 80-40; H, N, 4-48. C,,H,,.NO, requires: ¢ 98: H, N, 4-44 
B p. 18 86 f et np. 182-183 
(Fou C, 80-07; H, $45; N, 4-70. Cale. for C,,H,,NO,: ¢ 8; H, 5-43; N, 444%) 
id 
Ber vlan methyl 4 lig) mn. 146 from ethanol—benzene. (Found 
C. 78-30: H. 7-34: N, 4-48. C,,H,,NO, requires: C, 78°47; H, 7-21; N, 
+ 80-8 H 4-07. C,.H,.NO, requires: C, 80-71; H 5-24; N, 428°) 
C. 81-75: H, N %. C,,H,-NO es: C. 81-37: H. $05: N, 413°) 
2-Phe il eu Kctone 1y De cliected 
Dipheny e 11-72". Lit. mp. 70-71," 73, 71-72 14 Picrate, mp 
176 1 : 12:18. Cale. for C,.,H,,N,O,: N, 12°44°) 
2-P p-fol\ eal Lit 1-82 Fou (81-4 H, 5-75 
N. 602. Calc. for H,.NO: C, 81°68: H, Pic ¢, 190 from ethano 
Lit p. 189-190". N Cale. for C..H,.N,O,: N, 12-01%) 
(i p. 86-87". Lit 80-81". (Found: C, 81-77: H 
$-83: N_ 5-97. Calc. forC,.H,.NO: C, 81-90; H, 607; N, 5-62 Picrate, m.p. 151° from ethanol 
(Found: N 1-42. HNO ‘ 
)-P iid), mp. 112°. I 116-117". (Found: C, 81-47; H 
$-75: N, 5-37. Cale. for C,,H,,.NO: C, 81-68; H, 5-56; N Picrat p. 140-141" fron 
ethanol, 42-144 i: N, 11-12. Cake. for C,.H,,.N,O,: N, 11:20 
Phenyl-$44-acer p. 155-156". d: C, 8463; H, 5:19; N, 481 
C.,H,.NO requires: C, 84-82: H, §-09: N, 471°). Picra p. 169-170" from ol. (Found 
‘ 
2-Phenyl-5-44 p. 157°. I m.p. 158°. (Found: C, 84-57; H, §-22 
saturate he cold w c acid. (I NI C..H.N.O. es: N. 10-64%) 
2-P $.(4 he 113 d: C, 83-18; H, 704; N, 4-48 
C,,H,,NO requires: C, 83-13; H, 698; N, 462°). Picrate, mp. 163-164" from ethanol. (Found 
N, 10-39. C..H,,N,O, requires: (N, 10-52 
$-(2-fluore 11th), m.p. 157". (Found: C,85-34; H,4-88; N,4-52. C,,.H,,.NO 
a requires: C, 85-41: H, 489; N, 454°). Picrate, m.p. 199° from ethanol. (Found: N, 10-17 
C,,H,,.N,O, requires: N, 10-40°,) 
"RR. Robins Chem. S 2167 (1909) 
"S$. G Ber. Disch. Chem. ¢ 43, 134 (1910) 
*K. Ruedenburg, Ber. Dtsch. Ges. 4, 3555 (1913) 
Lister and R. Robinson, J. Chem. Soc. 101, 1297 (195m 
W. Cornforth and R. H. Cornforth, J. Chem. Soc. 


Synthesis of 2,5-diaryloxazoles 


2-Phenyl-5-(3-phenanthryl)-oxazole (111i), m p. 155-156°. (Found: C, 86°07; H, 4 i 
Cy,H,,NO requires: C, 85-96; H, 4-70; N, 4:36%,). Picrate, m.p. 178° from ethanol 
9-93. C,,H,,N,O, requires: N, 10-18%) 

Ultr 
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violet absorption spectra were rec in 5-10 1olar l ns in cyclohexane (the 


lle an issolved in cycl leavi f , [ om temp) with a VSI 


Zeiss spectrophotometer 
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THE ability of boror 
demonstrated al r cal nta rings.* Z : , the 


ids to bring about 


elec 


charge localiz: and th reduce the aroma t\ n o1 o obtain indications 


about th rdin: Ow ron uc! yn is. thence about them 


aromaticity le react rol vith tropolones was investigated 


OBu) and -methyltropolone, 


illy to give a vellow crystalline 


compound which mi yx recrystalliz from benzene. ts unsensitive to atmospheric 


moisture but 1s decomposed hyd vii nd which after its analysis and 


R.P.R 
a an t Chem. So 3073 (1958) and subsequent paper 

J. M. Davidson and re ! hid (1960) 
*M. J. S. wa ubba a ttit, J. Chem. Soc. 3076 (1958) 

R. L. Letsinger and S. B amilto mer. Chem. Soc. 80, 5411 (1958); W. Gerrard, M. F. Lappert and 
B. A. Mountfield, J. Chen 

E. E. van Tamelen, G. Brieger ar Untch, Tetrahedron Letters No. 8, 14 (1960) 

L. H. Thomas, J. Chen S 2 Joy and M. | Lappert Proc. Chem. Soc. 353 (1960) 
Letsinger and S. B. Hamilton g em. 25, 592 (1960) 
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mode of formation can have either structure II or II1.* Evidence in favour of the 
latter structure is deduced on the basis of the following arguments. 

Ultra-violet absorption spectra measured in various solvents (Fig. |) present four 
bands, indicated in the decreasing wavelength order A, B, C and D. A comparison 
with the spectra of catechol’ and benzodioxaboroles* on one hand and of tropolone’* 


Fi i Absorptior pectra of tropophenylen piroborate (I1]) in benzene (ful ne), di-n-buty! 


tk 


ether (dashed line), dioxan (dotted line) and hloroethane (dashed-dotted line). 


dicl 


and copper tropolone® on the other hand makes it probable that the first two bands 
are due to the tropolone moiety and that the last two bands are due to the catechol 
moiety. An uncodrdinated structure Il would result in a spectrum not largely different 


from a superposition between the spectra of n-butoxy-dioxaborole (Fig. 2) and of 


tropolone ethers or esters. A coérdinated structure III on the other hand would have 


* The semi-systematic name tropo-phenylene-tetraoxo-spiroborate is proposed for the ring system III 


with the numbering system shown (for brevity, the specification “‘tetraoxo”’ will be omitted in the subsequent 
discussion, but as the four oxygen atoms in III might be partially or totally replaced by -S— or -NR- groups, 
this specification is generally considered necessary). Alternatively, I1I may be regarded as a benzoderivative 
of the tropovinylene spiroborate system (cf. VI). We wish to thank Dr. K. L. Loening, Chairman of the 
Boron Nomenclature Committee, Chemical Abstracts Service, for his kind advice concerning these names 
* W. E. Doering and L. H. Knox, J. Amer. Chem. Soc. 73, 828 (1951). 

® J. W. Cook, A. R. Gibb, R. A. Raphael and A. R. Sommerville, J. Chem. Soc. 503 (1951). 
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a spiranic configuration with the two moieties in perpendicular planes and fairly 


independent electronic systems, hence the UV spectrum would not be largely different 
from a superposition of the spectra of catechol (owing to sp” hybridization of the 
boron atom in III, aromaticity in the dioxaborole ring is no longer possible) and of 
chelated tropolone compounds such as copper tropolone. Clearly the feebly- 
structured band C in III (275-279 mu. « 5-7000) is much closer to the feebly-structured 


n cycionhexane 

280 mu band in catechol (« 6000) than to the strongly-structured 280 my band 
(e 22,000) in n-butoxy-benzodioxaborole (Fig. 2). Also, bands A and B resemble the 
spectrum of copper or sodium tropolone salts* rather than the spectrum of tropolone 
or tropolone ethers 

Another argument in favour of structure III is the marked solvent effect on band A 
(6 mu in passing from benzene to ethylene dichloride), which is not unexpected with 
dipolar compounds.” Ethers as solvents for IIL (cf. Fig. 2) are seen to affect con- 
siderably the spectrum, probably because they are also able to co6rdinate with boron. 


* E. M. Kosower, J. Amer. Chem. Si , 3253 (1958) and subsequent papers in the series. 
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In dibutyl ether the tropolonic maximum at 321 my is clearly recognizable and it is 
probable that in this solvent a structure II is present. In 70 per cent aqueous per- 
chloric acid compound III yields a spectrum identical with that of a mixture of 
catechol and /-methyltropolone. 

The infra-red absorption spectrum shows evidence of boron-oxygen bonds in the 
1100 cm region and in the strong 1240 and 1455 cm“ bands.” 
of tropolonic carbonyl stretching frequency at 1630 cm™ as would be expected for 
structure II, but instead a strong band appears at 1596 cm~' which probably represents 


There is no evidence 


a superposition of absorption frequencies associated to the phenyl ring and to the 
chelated tropolone system (copper tropolone absorbs" at 1595 cm~'), again supporting 
formula III. 

As a further means to discriminate between structures II and III, dipole moment 


measurements are now In progress 


The reaction of other tropolones with dioxaboroles was investigated 
n-Butoxy-dioxaborole (I, R OBu) reacts with colchicein yielding a_ yellow 
compound which is assigned structure [V. n-Butoxy-dioxaborole yields on treatment 
with colchicein in benzene solution a yellow precipitate which differs from IV being 
amorphous and difficult to purify owing to extreme sensitivity to atmospheric moisture; 
this adduct probably retains the tropolone methyl ether structure of colchicein. 
From the reaction of benzoin and tri-n-butyl borate the yet unreported 2-n- 
butoxy-4,5-diphenyl-1 ,3,2-dioxaborole (V, R OBu) was formed, since on treatment 
with #-methyltropolone a compound corresponding to structure VI precipitated. 
Thus the reaction between dioxaboroles | or V with tropolones seems to be 


general; the formation of tropophenylene (IIL and IV) or tropovinylene (VI) spiro- 


borates may be useful for the identification and characterization of both tropolones 

and dioxaboroles. These spiroborates are easily purified and non-hygroscopic (the 

adducts of dioxaboroles with tropolone ethers seem to be hygroscopic, at least in the 

case of colchicein) and their analytical applications are now being investigated. 

1° L. J. Bellamy, W. Gerrard, M. F. Lappert and R. L. Williams, J. Chem. Soc. 2412 (1958); J. A. Blau, 
W. Gerrard, M. F. Lappert, B. A. Mountfield and H. Pyszora, /bid. 380 (1960). 


1. B. E. Bryant, J. C. Pariaud and W. C. Fernelius, J. Org. Chem. 19, 1889 (1954): H. P. Koch, J. Chem. Sox 
512 (1951). 
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EXPERIMENTAI 


5-(7)-Methyl-1 “SJ horate (111). n-Butoxy-benzodioxaborole (1, R OBu) 
was prepared in ‘ i l i at 1 or atmospheric pressure of an equimolar mixture 
of catechol and 1 -but rat 2m 245 /760 mm, very sensitive to 
atmospheric stu t att and with conc 
Methyltre or prey d by h gen peroxide oxidation of purpurogallin 
followed by decarboxylatx ng J ud irog and subliming directly the oxidation 
product at 220 /760 mm, P p-Ti yitropotone were obtained 
lar amounts n-bi benz xaborole and //-methyltropolone react exothermally 
forming a yellow crysta nor ’ cent prod In benze olution the 2-96 The 
product may be recry | m | 4 re e vielding a vellow 
solution Water does not diss ut wi i | acia ng colour- 
less solutions H,, BO, require 66°2 B, 4°3",) 
The carbon-| on } li carbon value no longer 
mecreased, in oO r to DOs al h ilts are somewhat higher: at 


normal combustion ti i alu were correct but carbon values were very low The 


boron analysis was ) ustLO a in ash-free filter paper Dag in oxygen atmosphere, 


followed by titration f ms tol with 0-05 N NaOH (the blank was negligible). U.\ 


spectrum is shown in Fy pectrur n Nujol): 733, 743, 785, 809, 840, 858, 870, 905, 949 


985, 1011. 1045, 1080-1100, 1121, 1157, 1218, 1240, 1285, 1599 cn (in hexachlorocyclopentadiene) 


1320, 1358, 1415, 1460, 1495 cm 


‘2 R. D. Haworth and J. D. Hobson, J. Chen S61 (1951). 
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Formation of \V from colchicein and n-butoxy-benzodioxaborole. Colchicein (0-5 g) was demethy- 
lated in nearly quantitative yield by boiling in 30 ml water and 0-3 ml conc HCI for 1 hr."* j 

Equimolar amounts of anhydrous colchicein and n-butoxybenzodioxaborole in benzene solution 
yield yellow non-hygroscopic crystals, readily soluble in benzene, purified through repeated pre- 
cipitation with ligroin, m.p. ca. 140°, (Found: C, 63-7; H, 5-6; N, 3-2. C.;H..BNO, requires: C, 
64:3; H, 5-4; N, 2°8°%,). U.V. spectrum (1,2-dichloroethane): 380 my (¢ 14000), 250 my (e 40000); 
(cyclohexane): 377 my (e 11300), 248 my (e 32,000); in both cases a shoulder corresponding to a 
concealed band at ca. 275 my (¢ ca. 12,000) is also visible. I.R. spectrum 1661, 1605, 1519, 1492, 
1412, 1328, 1282, 1270, 1243, 1220, 1200, 1188, 1145, 1100 broad, 1014, 990, 928, 870, 851, 790, 775, 
750, 726 

5-(7)-Methyl-tropovinylene-tetraoxo-spiroborate (V1, R CH,). Equimolar amounts of benzoin 


and n-butyl borate were fractionated in inert gas atmosphere at 2 mm until all n-butanol was 


eliminated. The residue which was very sensitive to atmospheric oxygen was dissolved in benzene and 
treated with a benzene solution of /-methyltropolone. Brick crystals were deposited, m p 262° (from 
benzene, sparingly soluble in the cold). (Found: C, 9; H, 5-1; C..H,;BO, requires: C, 73-8; H 

» U.V spectrum (in di-n-butyl ether): 245 my (e 40,000), 313 my (e 10,200), 354 my (e 9000): 


(in benzene): 315 mu (e 17,400), 351 n 13.700). shoulders at 359. 


367 mu. 1.R. spectrum: 1601, 
318, 1300, 1280, 1244, 1162, 1150, 1129, 1091, 1074, 796, 762, 728, 698 cm 
Ultra-violet absorption spectra were recorded at room temp with a Zeiss VSU I spectrophotometer 
Infra-red absorption spectra were rec >d in Nujol and hexachlorocyclopentadiene mulls with a 
Zeiss UR10 automatic spectrophotometer. 
icknowledgement Our thanks are due to Miss E. Sliam and Miss M. E. lonescu for elementary 


analyses and to Mr. G. Mateescu for infra-red absorption measurements 


S. Z« . Monatsh. 7, 585 (1886); E. Boyland and E. H. Mawson, Biochem J. 32, 1204 (1938). 
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BRIDGED RING SYSTEMS 
SYNTHETIC APPROACHES TO CLOVENI 


H. Murray. W. Parker and R. A. RAPHAE! 
Che Depart cr G 


} 


(Re 


X) and its Xl 


ONI product of the ; i’ ent ene the isomeric 

lic hud than heen rigorously estah- 
lished in a noteworthy seri f papers by Barton et « As part of a more extensive 
study of the bicycl s:3:1] mane system, which makes 


skeleton, synthetic ; ies to this Interesting sesquiterp have been initiated 


CO. CO.CH, 
CN 


CHICN) 


Michael addition of diethyl malonate to 3-methylcyclohex-2-enone produced, 
after hydrolysis and decarboxylation, the crystalline keto-acid (11). Condensation of 
its methyl with malononitnle under Knoevenagel conditions furnished the 
conjugated dinitrile (111) ddition of hydrogen cyanide to the activated double bond 
of III employing the usual conditions® were uniformly unsuccessful, but acceptable 
yields of the required trinitrile ([V) were eventually obtained by the use of sodium 
cyanide in dimethylformamide The mixture of stereoisomers thus obtained was 
hydrolysed with fuming hydrochloric acid to the tricarboxylic acids (V). High 
dilution Dieckmann cyclization of the corresponding methyl esters followed by acid 
hydrolysis and decarboxylation furnished a mixture of the two bicycloketoacids (V1) 
and (VII, R = H). From this mixture the required crystalline 5-methylbicyclo [3:3:1}- 
nonan-3-one-|-carboxylic acid (VI) could be separated by solvent trituration. A 
more efficient method of separation involved reaction of the mixture of acids with 
1A. Aebi, D. H. R. Barton, A. W. Burgstahler and A. S. Lindsey, J. Chem. Soc. 4659 (1954), and references 
cited there cf. H. W. Lutz anc Reid. J. Chem. Soc. 2265 (1954), and A. Eschenmoser and H 

H. Gunthard, Me Chin 4cta 1951) 


* E. H. Farmer and J. Ross, J. Chem. S 2358 (1925) 
* A. Lapworth and J. A. McRac, J. Chem. S 2741 (1922) 
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oxalyl chloride followed by treatment of the acid chloride mixture with aluminium 
chloride. Under these conditions the acid chloride of VII was converted into the 
chloro-lactone (VIII), the acid chloride of VI remaining unaffected. Chroma- 
tography on alumina readily separated the crystalline chlorolactone (VIII), while the 
acid chloride of VI was readily hydrolysed in situ by the alumina to the free acid (VI) 
which was strongly adsorbed 

The structure of the crystalline acid (VI) thus obtained was confirmed by the 
strong absorption of its methyl ester at 1710 cm™~! (six-ring ¢ QO) and 1733 cm™ 
(methyl ester) and by its conversion through Wolff—Kishner reduction to the crystal- 
line 5-methylbicyclo [3:3:1] nonane-l-carboxylic acid (1X), identical with a specimen- 
prepared by an alternative route + For further elaboration of the ketoacid (VI) it was 


at first deemed desirable to protect the carbonyl function. However, the grouping 


proved unexpectedly resistant to ketalization, even under forcing conditions.® and 
the synthesis was therefore continued with the ketoacid (VI) itself. The orresponding 


acid chloride was treated with isobutene in the presence of stannic chloride® and the 


crude reaction product filtered through alumina. This not only served to remove the 
polyisobutene formed, but also effected dehvydrochlorination to vield the required 
enedione (X) which could be eluted with ether. Purification of this product was 
tedious because of a persistent impurity consisting of the t-butyl ester of VI, but 


I 
repeated chromatography on silica gel finally yielded a product showing the expected 


maximal light absorption at 241 mu (¢ 12.800) 1710 cn (six-ring QO) and 
1685 cm (conjugated with only a trace of absorption at 1740 cm~! (t-butyl 


r) 


“ste 


It was confidently expected that the enedione (X) would undergo an internal 


Michael condensation to yield the tricyclic compound (XI) containing the complete 
carbon skeleton of clovene, but all the reaction conditions tried to effect this ring 
closure were unsuccessful. Either the enedione (X) was recovered unchanged, or a 
retro-aldol cleavage occurred to give the methyl ketone (XII). This failure may be 
bound up with the presence of the gem-dimethyl function of X which could act as an 


effective “distance piece” to prevent formation of the required carbon-carbon bond 


It was found that the side-chain carbonyl group of the enedione (X) could be 
selectively reduced by sodium borohydride in anhydrous methanol to give the enolone 
(X11) This alcohol was treated with p-bromobenzenesulphonyl chloride in 
pyridine in an attempt to form the corresponding p-bromobenzenesulphonate 
which, it was hoped, would undergo an intramolecular S,2° displacement’ to give 
the clovenone (XIV) by treatment with base. However the main product from this 


reaction was the conjugated diene (XV) 


* D. Jhaveri, R. D. H. Murray, W. Parker and R. A. Raphael, Tetrahedror pres 
H. J. Dauben, B. Léken and H. J. Ringold, J. Amer. Chem. Soc. 76, 1359 (1954 
* Jj. Colonge and K. Mostafavi, Bull. S Chim. Fr. 6, 335 (1939) 
G. Stork and W. N. White, J. Amer. Chem. Soc. 78, 4609 (1956) 
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In view of the unpromising nature of the above intermediates, alternative routes 


to clovene are now being actively explored 


EXPERIMENTAI 


acid 
C,H 


whicl 


The correspondi 
64-95 


ester 


(iit) Methyl 3-methyicyclo 
hexanone-3-acetate (U0 g reais 


(7-5 and glacial acet flu ind an and Stark apparatus 


Ammoni tat \ h led and th refluxed for a 
further 24 h Silica ¢ vas tt i narator to sur ip novi m 
the reactio nixture produ was fr +-methoxvcarbonvimethy!l 


3-methylicyclol 


(Found: C, 67:35: H 0: N 5 H,.O.N,. requires: 2 ) 


ym 


on | m 1 S068 
The product exhibited I.R. maxima at 2200, 1728 and 1597 cn é V. maximum ; 
13.500) 
3- Methox ycarbonylmethyl-3 th (AV). A solution of 
(35 


g) and sodium cyal | i iimethylformam \ iowed to stand at room temp 


for 4 days Acetic ack ! was then added, the react uxture left overnight in a fume- 
cupboard, then diluted with wate 5 1.) and extracted with ether (2 500 ml). The aqueous liquors 
were further diluted with water ( ) and re-extracted with ether (S00 ml). The product was a thick 
oil (35 g) which was dissolved in benzene and chromatographed on silica (200 g) Elution 
with benzene (2 500 ml) afforded unreacted starting material (10g) and further elution 


with benzene (6 500 ml) gave the frinitrile (IV) as a mixture of stereoisomers (26 g) m.p 


* M. W. Cronyn and G. H. Riesser, J. Amer. Chem. Soc. 75, 1664 (1953) 


Ultra-violet absorptio vectra refer to ethanol solutions a ere red L'nicam S.P 
$00 spectre tometer. M K ofk ck. B 
a ae e uncorrected. The ed | Spence, type H) was ac 
tc d grade Brock Sct pet refers to 
the f 40-60 ‘ 
evaporat of solve Oo ler reduced press (15 n oil 
bath at 180 sa thick re $50 whic is heated er reflux w 10°. hydrochloric acid 
(3 1.) for 2 days. The acidic ct 220 2) from t reac ed to give the required Keto 
iS COlOUTIess « 00 g) b.p. 145 O05 14840. C, 63-25: H, 82. Cale. for 
63-55 H, 8-25 ) petrok lorded the keto-acid as a solid 
_ 
H,.O, requires: C, 65-2; H, 8 75°.). The semicarbazone of the keto-methy! 
gag crystallized from methano colourless needles m.p. (Found: C, 550; H, 8-15 
C,,.H..O.N. C, 54:75: H, 
Pi 
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106-120 Repeated recrystallization from aqueous methanol afforded one isomer as colourless 
122°. (Found: C, 64-65; H, 66; N, 15-95. C,,H,,O,N, requires: C, 64°85; H, 


plates m.p. 120-5 
6-6: N. 162%). Hydrolysis and decarboxylation of this isomer to the corresponding tricarboxylic 


acid. followed by Dieckmann cyclization of the trimethyl ester gave a mixture of //-keto-esters, which 


on hvdrolvsis and decarboxylation vielded 5-methylbicyclo [3 :3:1] nonan-3-one-1-carboxylic acid(VI) 


t. This demonstrates unambiguously the stereochemistry of this isomer 


as the sole product 
1:3 fi id(V). The trinitrile-ester, (IV; 26 g) and fuming 


adiacei 


1-Carhox yl-3-methyicyclohexane 


hydrochloric acid (1 |.) were refluxed for 72 hr and then concentrated to 500 ml. The cooled solution 


ith ether G 250 mil) The combined 


was saturated with ammonium sulphate and extracted w 


ethereal extracts were washed with saturated ammonium sulphate solution, drie ind the solvent 
removed under reduced press. Trituration of the residual oil with ether furnished the # carboxylic 
acid (V 23-5 g) as a mixture of stereoisomers m.p. 157 175°. (Found: C, 55-7: H, 7-05. C,.H,,O, 


) furnished 


11S product 


methoxy 


4708 (Found 


fforded a thick (19-2 g) b.p. 122-150 /0-01 mi which exhibited LR 
STOW | \ 5 
of N NaOH 


H, 8:1. C,,H,O, requires: C, 67-3; H 


728 and 1690 cm ' (Nujol) and 1748 and 1705 cm 


3-0 n.p. 127-129 (Fe 
8-2 ) The product exhibited LR absorpt onattl/2 


cai Ch } 


Methyl 5-methylbicyclo (3:3:1] nonan-3-one-|-carboxylate This prepared from VI in the usual 


band at 1121 cm [he corresponding semicat lized from aqueous methanol tn needles 


$8-4: H, 7:75: N, 15-65. C,3H,O,N, requires: C, 58-4; H, 7-9; N, 


m.p. 193-194 (Found: (¢ 


Methyl 5-methylbicyclo [3:2:1] octan-7-one-|-acetat (VII, R=CH,). The liquid mixture of acids 
1 with oxalyl chloride 


(VI) and (VII. R--H) (4:1 @), remaining after solvent trituration, was treated wit! 


(10 ml) in dry benzene. The product which showed I.R. maxima at 1790, 1740 and 1710 cm™’, was 
warmed on a steam bath for 30 min with a catalytic amount of aluminium chloride the neutral 
product isolated in the usual fashion, was the idsorbed on alumina (Grade III) from pet ether 


(60-80°). Elution with the same solvent afforded the chlorolactone (VII1; 2:1 g) which crystallized 


$1°. (Found: C, 61-85; H, 7:2; Cl, 163. C,,H,sO,Cl requires 


from pentane in prisms m.p 49 
C, 61:55; H, 7-0; Cl, 165%). The I.R. spectrum showed a maximum at 1811 cm! (CCI, solution, 


{a mixture of the bicyclo {3 3 1] nonane acid 


5-0 mm cells). Further elution with chloroform yielde« 
hydrolysis gave the pure acid (V1) 


(V1) and the corresponding acid chloride which, by 
4 solution of the chlorolactone VIII (1-72 g) in dry methanol was refluxed with one equivalent of 


sodium methoxide (from sodium 0-18 g) for 3 hr. Distillation of the crude product afforded methyl 
5-methylbicyclo [32:1] octan-7-one-1\-acetate (0-943 g) as a colourless oil b.p. 60°/0 02 mm, mp 1°4719 


(Found: C, 68°85, H, 8°85. C,,H,O, requires: C, 68°55; H, 865%) The product exhibited a 


* W. Briigel, G. Stengel, F. Reicheneder and H. Suter, Angew. Chem 68, 441 (1956) 


ve. Bi 
4 
ag 
_ 
require ( H 0 On the c ac \ 
. in anhydride as a mixture of stereoisomers which crystallized from ether—hexane in pr p 
118-136". (Found: C, 60-25: H, 655. Calc. for C,;.H,O,;: C, 60-0; H, 67°). TI 
exhibited I.R. absorption at 1850 and 1770 cn S-ring anhydride) 
Treatment of t xture of isomers (V) with excess of diazomethane gave dimethy/ |-=_=_—_—_—- 
carbonyl-3-meth exane-1:3 wetate as a colourless oil b.p. 135°/0-1 mm, |- : 
C. 60-15: H. 8-15. C,.H.,O, requires: C, 60-0; H, 8-05°,) 
§-Methylbhicve 3:3 an-3-one-\-cart V1). A solution of the trimethyl ester of \ 
(We) xviene (500 ) was added fro Herschberg dropping funne ver 241 oO vigorousl\ 
cont 1 for a turther vil riod val ol t-Dul by fractional distillation 
ue 4 The cooled reaction mixture was poured onto ice, acidil \\ lil hydrochloric acid and the xylene : 
water i dried. Distillatic forded a th 
abdsorpluio typica cho Dic KCl 
2,300) chang o 284 n $.650) in eth ) 
oe was refluxed with 6N HCI (100 ml) for 6 hr and then saturated with ammonium sulphate and extracted 
+3 vie "| with ether Rem il of the solvent. after the usu | wor} p procedure, yicided an xture of the keto- : 
icids VI and VII (R=-H) as a thick oil which partia triturati¢ with ether-light 
lid 5 I} ly nop 
(C4 
manner, was clear oi! b.p. 90°/0°05 mm, (Found: C, C,.H,,O0 juires 
3 2.4 H. ) 1732 nad en vith a distinctive 
15 
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characteristic I.R. spectrum, markedly different from that of the methyl ester of VI with one band at 


1743 cm 
5-Me 

sodium (100 n 

1S hr. Sublimatio 


(CC l, solution 


mm 
fave 
from 


quires 


{ 150 mil)w 

and then w 

weak band 

with the same 

crude enedior 

perce! tage of etn 

repeated Iractx 

as a colo ries oul ? 1Us 

C. 769; H 

maximum 

needles n 
d{tfemy 

ment wit 

chloride 

p-toluenesu 
Treatment 

methoxide methan 

aldol prod ict VIZ 

keto-acid (V1) fre 

(X) 

alcohol caused ext 
1-(Hydrox) 


the enedione 


was added 


held 


mixture 

of silica (50 g¢) 

by short path d 

C, 76:3: H, 10-25 
* After 72 hr 

nonan-3-one (XII 


elution 


5-0 mm cells) 


0-007 


0-45 g) iden 


ind a distinctive peak at 1108 cm 
acid (1X). A mixture of the keto-acid VI (50 mg), 
wdrate (0-5 ml) leate in a sealed tube for 
l-carboxylic acid 


H, 
keto-acid VI 


ve S-methvibicy 


the 


ind at room temp over- 


olourless oil b.p. 88°/0-04 


of VI (511 mg) in 


dry ether 


crystallize 


H.,O.N, re- 


methvle 


requires 
witha U.V 


llized from methanol as 


1620 cm 


unchanged after treat- 


nethyle 


sium t-butoxide/ xylene 


wdroxid 


gave m 


e/methanol, sodium 


) the retro- 
a trace of the 
Refluxing 


t-amylate t-amyl 


enedione 

imviate b sodium 

(X111). Sodium 


thanol (10 ml) and 


onan-3-one borohydride (126 mg) 


the acti 
ine reaction 


column 


adsorbed 
g ketol (XIII; 1-45 g) which was purified 
(Found: (¢ H, 10-25. C,,;H,,O 
710 and 1635 


from benzene on a short 
ave the 
13 0-Ol mm 


exhibited I.R 


requires 


chloroform afforded l-acetyl-S-methylbicyclo [3:3:1]- 


colum wit! 


authentic sample 


th an 


3:3:1] nonane-1-ce 
(2 ml) and hv« 
§-Methylbicyclo [3:3:1] nonan-3-one-|-carbox) chloride 4 solution 
mm. 1:5082. The product s d 1.R. maxima at 1790 and 1710 cm 
ryl-S-m [3:3:1] monan-3-one (XU). TI 

(50 ml) was added dropwisc tirred ethereal Nution of omethane (large excess) and the 

reaction! ture allowe in € de on tritura with light 
petroleum gave the d eto 162 n ello lid n (decomp This material was 

shaker n> »0 )for a the vashed with water, dil 
SOK thiosuiphate Distillatio eT yal oul, after removal of the 

1-495 (F< ( +65: H C,.H,.O. rec ( +2; H, 9-3 ). The product 
positive iodof ind a ed a bis-2:4-d rophenylhydrazone which 
chlorofor meth ell eedles m.p. 248-250 (Found: N, 19-7. C,, 
gums: N, 20-2°,) 
1-(Ketoisobut S-methy [3:3:1] 3-one (X). Pure was passed through a 

i 

. a tower of pot m f pellets en ¢ d ed by coo to 10° and a large excess (25 ml) eae 

a added to a mixture of the acid « de of V1 (6-0 g) and Tres! distilled stannic chl ride (1 g)inp re - 
a dry methylene chloride (12 The reaction mixture (in a ypered flask) was set asic 5 for ; . 
en 42 hr and the product ts ed in the normal! er. It exhibited a band at 1790 cm‘ in the infra-red a 

corresp ling ted acid chloride (c 0 solution of this oil in chloride : 

hp t ybutene (25 ml) and stannic ¢ ride (1 g), set aside at —5° for 72 hr aS); 

xduct (33 which exhibited LR. max t 1710. 1740. 1650 witha 

s adsorbed « lumina (Grade 90 ¢) fron rht petroleum. Elutior 
ed polymeric ind subsequent elu with ether furnished the : 

ae * This ter vas adsorbed silica (225 g) from benzene and the : 

a it , ent reased until elution with 2 ether—benzene followed by 1 

.aflorded 1|-(ke yclo |3:3:1] nonan-3-one ( 13 g) 

ne’ 1-5165. (Found: ¢ 665: H,9 
exhibited 1.R. absorption at 1710, 1685 and 

ind: N, 24-15. C,-H.O.N, requires: N, 24-15 
oe the enedione (X). The enedione (X) was recovered Eis. 

gents: naphthalenesulphonic acid, benzene, stannk nc 

a etic acid, potassium acetate/acetic acid, potas a) 11 

pyridine 

oe ve (X) with dil sulphuric acid, potassium | 

yenzyitrimethylammonium methoxide meth 
methyibicyclo [3:3:1] nonan -3-one (XII) 

‘ee esponding t-butyl ester pre 
mide benzene, sodium t 
rac of the moilect 
methyl velo [3:3 1] 

ution of the e¢ lione X (1+ 
« 
ition wilh 
llation b.p 
). The pro 
thi 
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the ketol was distilled at 0-1 mm pressure the distillate was contaminated with the dienone (XV) 


formed by pyrolytic dehydration of the ketol (XII) 
1-(3-Methylbutadienyl)-5-methylbicyclo (3:3:1] nonan-3-one (XV). p-Bromobenzenesulphonyl 
chloride (665 mg), the ketol XIII (305 mg) and dry pyridine (2 ml) were warmed on a steam bath for 


2hr. The liquid product (295 mg) was adsorbed on alumina (Grade I, 13 g) from 25% benzene-light 
petroleum (60-80°). Elution with the same solvent gave the dienone (XV) as a sweet-smelling oil 
(210 mg) b.p. 70°/0-01 mm ny 1°5197. (Found: C, 82:2; H, 9-95. C,;H..O requires: C, 82-5: H, 
10-15%). The product exhibited I.R. absorption at 3050, 1710, 1645, 1610, 973 and 888 cm~! with an 


U.V. maximum at 230 my (¢ 23,900) 
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SYNTHESES OF HETEROCYCLIC COMPOUNDS— I 
CYCLIZATION OF N-SUBSTITUTED O-NITROANILINES 


R. H. Smiru and H. SUSCHITZK\ 


an Applied ¢ try Rova ollege ol Advanced Technology 
Technical Colleg Salford Lancs 


APPROPRIATE nitrocompounds have been successfully cyclized to nitrogen hetero- 
aromatic structures by heating them with reducing agents such as metallic iron or 
ferrous oxalate.’ We have now sought to extend this method to the preparation of 
partly reduced hetero-aromatic systems by using o-nitroanilines with at least one 
methylene or methine group attached to the basic nitrogen: cyclization of cyclohexyl 
o-nitroaniline (1; R C.H.—, A NH) vields the benzimidazole (VI) and not the 
anticipated hexahydrophenazine ( Il). When the nitrocompound is heated in admixture 
with sand. ferrous oxalate. and lead shot, a white, crystalline substance of m.p. 123 

analysing correctly for the expected phenazine (Il) is obtained. It could, however, 


neither be dehydrogenated by heating with palladium-charcoal, nor made to condense 


with benzaldehyde. results which are at variance with the usual behaviour of hydro- 
genated phenazines.“ 


A superficial resemblance ol the starting materials used for the preparation of 
2-cyclohexylamino )-hydro-azepine® —> IV) and (VI) as well as melting point of 
the former (124 ) prompted a comparison of the two compounds, but a mixed melting 
point was found to be depressed. The ultra-violet spectrum of the product (VI) 
resembles 2-alkyl substituted benzimidazoles,' and since this compound (\ 1) appeared 
to be saturated (no reduction with sodium and ethanol o1 Adam's catalyst and 
hydrogen occurred) 2-cyclopentyl benzimidazole (\ R= CH, K H) was 
prepared by an unambiguous route. Identity was again ruled out because of the 
difference in the melting points. The saturation of the side-chain and nature of the 
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ultra-violet spectrum could equally well be accounted for by a pentamethylene bridge 
between the | and 2 positions of a benzimidazole (VI), a structure which is supported 
by the absence of an NH-band in the infra-red spectrum. This benzimidazole which 
had been unambiguously prepared by Saunders” proved identical with our compound. 
Pyrolysis of N-benzyl 2-nitroaniline (1; R = C,H;CH,—, X = NH) with ferrous oxa- 


late gave 2-phenylbenzimidazole (V; R = Ph, R’ = H) in good yield with very little 
tar. Thermal decomposition of 2-nitro-N-phenethylaniline (1; R = C,H;.CH,CH,, 
Xx NH) was expected to yield two products since cyclization might involve 


either methylene group in the side chain. When an acid extract of the tarry 


reaction mixture was chromatographed on alumina a little benzimidazole together 


with an unknown substance in fair yield was separated. The latter’s ultra-violet 


spectrum was similar in contour to that of 2-phenylbenzimidazole and its infra-red 


spectrum suggested absence of an NH-group. The spectral and analytical character- 


istics of this substance would be those anticipated from 1-phenethyl-2-phenylbenzimi- 
dazole (V; R= Ph, R C,H,;.CH,.CH,), and this was confirmed by an un- 
ambiguous synthesis in which 2-amino-N-phenethyl aniline and benzoic acid were 


condensed in hot tetraphosphoric acid. In contrast to the usual behaviour of benzimi- 


dazoles this compound could not be degraded with benzoyl chloride under Schotten- 


Baumann conditions.' 


No experimental evidence has so far been put forward to account for direct, 


thermal cyclization through a nitro-group. A suggestion has been made that two or 


more molecules of o-nitrobiphenylamine and reducing agent might participate to 


form phenazine.’ A plausible mechanism which satisfies most observations can be 


formulated by envisaging loss of one molecule of water from the nitro-compound, 


probably reacting in its aci-form to give an intermediate N-oxide. The Wohl-Aue 


reaction® in which for instance phenazine-N-oxides are made by heating anilines with 


corresponding nitrobenzenes has a compelling analogy. On this basis the function of 


the reductant, such as ferrous oxalate, is to act as an oxygen acceptor converting the 


N-oxide into the final product. To illustrate the steps involved the following scheme 


can be written for the preparation of phenazine from o-nitrobiphenylamine (VII — X). 


Two significant consequences, verifiable by experiment, follow from such a reaction 


scheme. First, product formation should result from pyrolysis of the nitrocompound 


alone. because N-oxides are known to deoxygenate on heating” albeit in small yield. 
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Secondly, cyclization by removal of water according to the above sequence (VII —> X) 
could only take place if the “bridge” group connecting the two rings of the nitro- 
compound contained at least one hydrogen atom to enable formation of the aci-form 
(VIL). The first prediction was confirmed when on heating the previously discussed 
nitrocompounds (I; R C,H,,—, C,H ;.CH,—, C,H,;-CH,CH,—, xX NH) as well 
as o-nitrobiphenylamine (I; R Ph-, X NH) alone or in sand, we obtained the 
same nitrogen heterocycles as are produced in presence ol a reductant. The second 
by the failure of the nitrocompounds (1; R Ph, X S. 


suggestion 1s borne out 


SO. or O) to give cyclized products ” A claim that phenoxazine was formed from 


o-nitrobiphenylether (1; R Ph, X O)" must be viewed with reserve since other 


workers were unable to repeat this reaction.” The successful preparation of carbazole 
from 2-nitrobiphenyl' and ferrous oxalate, however, appeared to be inconsistent with 
the postulated reaction schem until we found that 2-aminobiphenyl 1S produced as 
by-product which is known to give carbazole on heating > nitrocompound 
cannot nt. 2-Hydroxylaminobiphe 
was excluded as a give carbazole under the con- 
! confirmed that this hydro- 


ditions of the react 


xvlamine cannot be 


lhe ring enlargement (V1) observed with cyclohexyl o-nitroaniline (1; R = ¢ -. 


xX NH) cannot be similar in mechanism to that yielding the 2/H-azepine (IV) 


Intermediate azirine formation (XI) operative in the latter rea n’ is hardly feasible 


with a cyclohexyl ring s the resulting structure uld Ii sary resonance 


stabilization associated wit! 1 intermediates seems, howeve asonable to 
assume that, in accord e with n ism (cf. VIL —» X) the spirane N-oxide 
(XID is the intermediate in Ul ycliza the nitroaniline (1: R C.H,,, X NH) 


carbon atom of the cyclol 


nt changes (XII VI: indicat 


arrows) ts proviced N-oxide function 
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unlikely intermediates since the reaction conditions are unfavourable for their 
formation."® 


EXPERIMENTAI 


The required nitrocompounds were made as previously described.’ 
Ultra-violet absorption spect ot measured in ethanol a Unicam S.P. 500 spectro- 
photometer and are quotes wit € in parentheses 
Py } vith a if 1 ni n admixture with an equi weight of ferrous 
oxalate ; imes its t ead shot ced u py! e and heated in a silicone 
oil bath 4 Z i CT that ! ction mixture was extracted with pet. 
yve basic products. The 


on and usually 


20 @) 


ch 


reaction mixture was poured nt at (500 mi), the tarry 


kes, Chem. Weekblad 11, 1062 (1914) 
Ashton and H. Suschitzky, J. Chem. Sec. 4559 (195 


crude organic base ere cipitated by addition of ammonium hydroxide solutiii 7! 
purified by recrystallization (pet ether) 
TABLE 1. PYROLYSES OF NITROCOMPOUNDS 
Nitrocompo Products vields in 
heating with ferrous oxalate heating alone or with sand 
eG 2-Nitrobiphenvlamine phenazine (50) phenazine (15) 
pheny CardazZoie ) 
i 2-a obipheny! (18) ir and irting material 
N-Benzyl-o-nitré 2-phenylbenzimidazole (40) 2-phenylbenzimidazole (20) 
ne 
Nec ohexy hexahvdro nino- hexahvdroazepino 
> 
nitroaniline (21) (1°,2’-1,2)benzimidazole (15) 
nethvl-o-nitro 1-phenethyl-2-phenylbenz- phen benzimidazole (10) 
her nid e (6) benzimidazole (10) 
C.4 H. 5:2: N. 87. lor C,,H,,IN,: C,47°6; H, 5-2 
119 H 4-4. H..N.O juires: C. 52-0 
H 41°). Its ult 252 (2-60), 275 (2:44), 283 (2-61) 
ed ¢ and met ylumes) 
Py ‘ 1 f , mt. The nitrocomp d was heated alone or in admixture with 10 times 
ts f rified sar ev les ed. | eld bot ¢ ls are accounted for by 
tar forn ) c red ter es ¢ products (carb onoxide, dioxide and 
vere ed), and rmat i card vic npounds R ts oDLained Dy these methods 
wre tab { 
> 
2-C) entyll nidazole. Cyclopentyl carboxylic acid (10 g) and o-phenylene diamine (5-0 g) 
were heated at a gentle re x for | hr \ et c extract i the reac mix re deposited ‘ 
‘ entyl be é e crystals (1-9 Dp. 4 (ethylenedic ride Amax 243 
(3-85), 274 (3-86), 281 (3°90) (Found: (¢ 77-4: H, 80; N, 14-8. C,.H,,N. requires: C, 77:4: 
H. 76 N. 15-0 ) 
, 
1-Phenet/ ?-phenyl benzimidazole A solution of 2-amino-N-phenethylaniline (3-4 g) obtained 
: by reduction of an ethanolic tion of N-phenethyl-o-nitro-aniline with activated hydrogen (Raney 
nickel; 100 atm), benzoic acid (2-0 g) and tetraphosphoricEEE was kept at 120° for 1 hr with 
stirring. The precipitate removed by 
B. 7). 
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Abstract—Acectoxy and propionoxy esters of 1-phenethyl-4-(2’-furyl)-4-piperidinol hydrochlorides, 
upon treatment with one mole excess of drogen chloride in an alkanol, were converted into corre- 
Sp nding 4-alkoxy ethers and eliminatior pr cauct These result ire interpre ed ter S$ OI reactions 
of carbonium ions, produced from the esters by alkyl-oxygen heterolys Factors affecting carbonium 


1On Feneration and tate have deen studied and clude the electronic character of the 4-aryv IOstituent, 


size of the nucleophile, degree of acidity and role of the piperidine nitrogen atom 


nature and 


IN the course of work upon structure-action relationships in analgesics, 4-aryl and 


4-heteroaryl isosteres of reversed esters of pethidine analogues were prepared by the 


reaction of acid anhydrides with the complex formed between a 4-piperidone (I) and a 


lithium aryl. Basic esters (II, Ar 2-furyl) derived from lithium 2-furyl, upon careful 


neutralization with hydrogen chloride, formed stable hydrochloride salts which had 


the normal ester carbonyl absorption band (peak at 1738 cm~'). The latter salts in 


ethanol, upon treatment with one mole excess of hydrogen chloride, were converted 
in good yield into ethyl ethers (III, Ar = 2-furyl, R” — C,H,) (ester carbonyl band 


absent, strong absorption band between 1094-1071 cm™~ ascribed to C—O stretching). 


while elimination products (IV, Ar 2-furyl) were isolated from the mother liquors. 


These transformations may be accounted for by alkyl-oxygen heterolysis of the 


esters! analogous to that demonstrated by Duveen and Kenyon? for hydrogen 


phthalates of x-(2’-furyl) ethanol, to give carbonium ions that further react either with 


OC.H. 
+H 


+ 


1 A. G. Davies and J. Kenyon, Quart. Rev. 9, 203 (1955). 
? —D. I. Duveen and J. Kenyon, J. Chem. Soc. 621 (1936). 
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ethanol (serving as nucleophile) giving ethers, or by proton loss giving olefins. The 
reaction sequence illustrated below is acid catalysed, since the ester (II, Ar = 2’- 
furyl) salts are stable in ethanol. Such a mechanism is feasible in that the esters (II) 
are derived from t-alcohols and would thus be expected to form relatively stable 


carbonium ions. Furthermore, formation of the latter is additionally favoured since 


a trigonal configuration at C, relieves strain resulting from 1:3 diaxial interactions in 


the most probable conformation of the ester (V). A certain degree of electron release 


in the alcohol moiety of the ester, a general requirement for alkyl-oxygen fission, 
must also be necessary in the present series, for not all the esters studied showed the 


same behaviour as the fury] compounds. It was desirable to obtain information 


relating the degree of electron release to both promotion of carbonium ion formation 
and to the fate of the ions once formed. This has been accomplished by comparing 


the results of the action of ethanolic hydrogen chloride upon a series of esters that 


bear 4-substituents of graded electron releasing character. (see Table 1, Reaction A). 
Facile carbonium ion formation, made evident by the conversion of esters into 


olefins and ethers on treatment with one mole excess of cold ethanolic hydrogen 
chloride, is promoted by 4-substituents of high electron releasing power (compds. 


1-5). A p-dimethylaminophenyl substituent is particularly effective in this respect 


since, while other alcohols formed unchanged hydrochloride salts under the above 
conditions, the alcohol (III, Ar = C,H,pN(CH,).,.R = R” = H) gave the olefin(IV).® 
The corresponding acetoxyester appears to be highly labile even under near-neutral 


conditions since treatment of the 4-piperidone-lithium aryl complex with acetic 


anhydride, a process that led to acetoxy esters in all other cases, gave olefin in high 


yield. For both the p-dimethylaminophenyl and p-methoxyphenyl compounds 


conversion to highly conjugated systems (¢s, 21,630 and é;5¢. 17,460 respectively) 


of maximum linear extension must be an important factor in determining carbonium 


ion fate. Some opposition to attainment of planarity would be expected in olefins 


derived from compounds 3-5 since all bear aryl substituents that, in comparison with 


p-substituted phenyl, have increased steric requirements adjacent to the aryl carbon 


atom linked to the rest of the molecule. In these cases, this factor may be responsible, 


in part, for the observed isolation of ethers, rather than olefins, as major reaction 


products. The o-methoxyphenyl ester (compd. 2) gives olefin on treatment with one 


mole excess of cold ethanolic hydrogen chloride in spite of the low degree of conjuga- 


tion in the olefin, made evident by comparison of its ultra-violet absorption spectrum 
with that of the p-methoxy counterpart (0-CH,O, &577.; 2,470; p-CH,O &o5¢ 17,460). 
The corresponding ether, however, would be expected to be a particularly crowded 


molecule, especially if allowance is made for solvation of the two oxygen atoms in the 


molecule; ether formation is thus not favoured. Esters substituted with groups of 


* A. H. Beckett, R. G. Lingard and K. Hewitson, unpublished results 
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poorer electron releasing power (e.g. compds. 6-8) and of electron withdrawing 
character (e.g. 2-pyridyl, compd. 9) were stable in excess of cold ethanolic hydrogen 
chloride. The difference in reactions of the esters 1—S and 6~9 is reflected in the 
behaviour of the corresponding alcohols on being heated with acetic anhydride and 
pyridine (see Table 1, Reaction B); alcohols 6-9 were esterified whereas alcohols 1—5 
underwent elimination, a process which is assisted, irrespective of mechanism, by 
electron releasing groups. 

Esters and alcohols (II and IIL, R H or CH;) behaved similarly indicating that 
the described reactions are not significantly influenced by methyl groups substituted 
on carbon adjacent to the reaction centre. 

The influence of nature and size of the nucleophile upon carbonium ion fate has 
been studied in 2-furyl esters (II, R R’ = CH,) (see Table 2). Ethers were derived 
from unbranched alcohols (chain length 1-4 carbon atoms) while the «-branched 
alcohol, isopropanol, gave olefin (II, Ar = 2-furyl, R = CH,); the corresponding 
isopropoxy ether would be a highly crowded molecule and thus its formation is 
unfavoured. Electronic factors, without effect upon reaction path when due to 
electronegative /-substituents (cf. results with ethanol and /-chloroethanol) are 
important in the case of allyl alcohol (which gave olefin) since n-propanol, of similar 
size, gave the n-propoxyether 

Some investigation has been made of acid conditions necessary to induce carbon- 
lum ion reactions in 4-piperidinols and esters that are unchanged by one mole excess 
of cold alcoholic hydrogen chloride. 4-Phenyl-4-piperidinols and esters were stable 
in cold methanol containing up to 6 per cent hydrogen chloride (equivalent to approx. 
50 mole excess), but at the reflux temperature were converted, at the latter concentra- 
tion, into methyl ethers. Under the same conditions, 16 per cent sulphuric acid (an 
equivalent molar proportion) was required to effect this result. A p-fluoro atom in 
the 4-phenyl group did not prevent methyl ether formation under these conditions. 
Replacement of methanol by ethanol or n-propanol containing 16 per cent sulphuric 
acid resulted in elimination products indicating that, at high acid concentrations, the 
small unfavourable steric factors introduced by the latter changes in nucleophile size 
are sufficient to make proton loss the predominant carbonium ion fate. 

In acyclic basic alcohols, elimination is favoured by the presence of two phenyl 
groups at the carbinol carbon atom even using the smallest nucleophile, methanol, 
since the alcohol (VI) gives the I-butene (VII), rather than the methyl ether, on 


OH 
C,H,—C—CH,—CH(CH,)N(CH.), C,H, C—CH-CH(CH,)N(CH,), 


C,H. C,H 
VI Vil 

treatment with methanol-sulphuric acid as above. 4-Piperidinols (III, R’ H) 
bearing the electron withdrawing 2-pyridyl substituent are stable to strong acid 
conditions, ¢.g., a hot acetic-hydrochloric acid mixture which gave the olefin from 
corresponding 4-phenyl alcohols.* 2-Pyridyl acetoxy esters gave alcohols rather than 
methyl ethers on treatment with methanol-sulphuric acid as described. 

1-(2’-Furyl)-cyclohexanol, prepared from cyclohexanone and lithium 2-furyl, 
contained the corresponding olefin as impurity (from ultra-violet absorption evidence.) 


It readily gave the olefin upon treatment with acetyl chloride in methylene dichloride. 
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An attempt to isolate the acetoxy ester from the product obtained by decomposing a 
cyclohexanone-lithium 2-furyl complex with acetic anhydride, resulted in impure 
olefin. These results demonstrate that 1-(2’-furyl)cyclohexanol and its acetoxy ester 


are less stable than piperidine counterparts and indicate that the ring nitrogen of the 


latter probably is an opposing influence to carbonium ion formation. This effect is to 


be expected since nitrogen, when protonated, has strong electron attracting properties 


which will influence the 4 position of the piperidine ring. 
rhe ether hydrochlorides reported in this paper have strong absorption bands in 


the accepted C—O alkyl ether stretching frequency region (1150-1060 cm~')® and 


peaks of highest intensity within this range extend from 1094 to 1071 cm (see Table 


3); corresponding alcohols absorb weakly in the same region. The thienyl ether (III, 


Ar = 2-thienyl, R = CH,;, R" = C,H;) has a strong peak at 1092 cm™' while the 
-chloroethyl ether [II], Ar 2-furyl, R = CHs,, R (CH,),Cl] has a peak ab- 
sorption at 1107 cm~’, somewhat outside the above range 

Certain of the ethers, notably III (Ar 2-furyl, R = CH,, R C,H;), possess 


significant analgesic activity in mice; pharmacological results will be reported elsewhere. 


EXPERIMENT 


at 5° was washed with ether, the bas yerated { jue immor ind extracted with ether 
After drying (Na.SO | tv nove i ed 
panol to give II (At 2-C H.O, R R CH,), p yellow plates, m.p. 88°5-89-5°. (Found: C, 


H. 7-7: equiv. wt., 326. C.,.H..NO, rex C, 73-4: H, 7- equiv. wt., 327). The base, 
treated with acetyl chloride and ethanol (all molar proportions) in acetone, gave the hydrochloride, 
m.p. 164° after recryst: on from ethanol—methy thyl ketone. (Found: C, 65-7: H, 7-2: N, 


+9. C.,H..CINO, requires: C, 66°0; H, 7:15: N, 385°). The latter base and salt both had a 


strong absorption px ik at 1738 cn characteristic of ester carbonyl gro Ip 

1-(2'-phenethyl)-4 peridine (11, At 2-C,H.O, R CH,, R 
C.H,) Aydrochloride. m.p. 138-139" from acet ne | ethyl ketone, wa rly prepared 
(Found: C, 67-1; H, 7-7: N, 41. C.,H..CINO, requires C, 66°8: H, 7-4: N,40°.). It had i strong 


absorption peak at 1736 cn 


Reaction of 4-acetox y-4-(2'-fu yi) thyl phenethyl) piperidine (II, 2-( R R 


CH.) with hydrogen ch de (2 moles) in ethano Acetyl chloride (24 g) in ethanol! (100 ml) was 
added to a stirred, cooled solution of the crude ester (50 g) in ethanol (25 ml) anc ve product diluted 
with dry ether After storage it 5” the corresponding 4-efh y ether (II, At 2-C,H,O, R CH,g, 
R C.H,) hydrochloride, m.p. 181 eparated hree crops (total 33-1 g). For analyses see Table 
2. Ar 2-C,H.O, R CH.) hydro- 
chloride (1:2 g), m.p. and mixed m.p. 204 max 263-5 m 15,300 in H,O, crystallized from the 
mother liquors after seeding. (Found: C, 71-2; H, 7-4. Calc. for CygHgygCINO: C, 71-15; H, 
7-25°%) 


Reaction of the esters (II, Ar 2-C,H,O, R H or CH,, R CH,) with acetyl! chloride (2 


* Melting points are uncorrected. Analyses by Drs. Weiler and Strauss, Oxford and Mr. G. S. Crouch, 
School of Pharmacy, University of London Equiv t weights of bases and salts were determined by 
titration with 0-02 N perchloric acid in glacial acetic acid using Oracet Blue B as indicator Salts were 


r or methanol-ether unless otherwise stated 


crystallized from ethanol-cthe 


*L. J. Bellamy, The Infra-red Spectra of Complex Molecules. Methuen, London (1954) 


ed 
4-Acetoxy-4-(2 \piperidin (Il, Ar 2-C,H,O, R R CH;) 
4 mixture of cist fur (1:7 g) yhenyl ether, prepared from lithium (0-43 g) 
os , ind bromobenzene (4 is refluxed for 2} led (ice-b and treated wit e piperidone 
Sean : (1, R CH,, 5-42). The xture iS Stirred at ro temp for 10 min, the ice-bath replaced, acetic 
s anhydride (3 ml) tn ether ded, and the product, after being stirred for irther 30 min at room 
temp. poured ont rich 1 vlac ml) Tt lid wi } narated a torage 
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moles) in methanol, n-propanol, n-butanol and 2-chloroethanol gave the corresponding alkoxy 


Table 2). The ester (11, Ar 2-C,H,O, R R CH, , 1:5 g) in isopropanol (6 ml) 


ethers (111) (see 
efi g, Amax 264 m 12,900 in H,O; LR. spectrum showed 


gave the corresponding crude « 


H and ¢ wit 0 p. and m a p. 204 after recrystallization from 1so- 


trace O 


prop. 
ethyla 2'-phe d etre vridir enethyl)-4-piperi 
nopne 


done (. 


H) / hlor 


obta 


p-CH 
vt. 396. C, He 


th excess of ethanolic 


ynpounds. Apart from the use of 


CHOC H) was 
prepared same way 270:5 
mys 2090 H.O. { 


69-08 H. 7-5 \ 


792 


277.55 7 7 2 wt CH. INO requires 
o-~CH,OC,H,, R H, 


product 
g). It 
CH,) 
CLNO, 


the latter ester (3 g) dry 


cooled and made alkaline 


separated was filtered and 
concentrated diluted with water and 
us ammonia. The base, isolated by ether extraction, with methanolic 


made alkaline again wit aqueou 
hydrogen chloride gave the 2’-pyridyl alcohol (Ill, Ar 2’-C,H,N, R R H) hydrochloride, 


4. J. Nunn and K. Schofield, J. Chem. Soc. 589 (1952). 


Prepare POM) itt um ana opnenyt rt uc (29 2) ana tie 
stirred tc The iwe-bat rey ced cetic anhydride (135 mi) cther added 
and the produc iter ‘ emp, poured onto cr hed ice and 
in d: C, 82:3: H, 85: 156. require C, 82:35: H, 8-5 
4-(p-\/ ‘ a mpouna The piperidone il, 
anisole (32:3 rke tc ve the 3 
At pCH,OC.H,, R R H) 134-135” after cry mn from benzene—petroleum 
ether b.p. 60-80 C. 777; H, 78s « 117. C..H..NO, require C.7ris 
ind py e (45 d the s ents r der reduced press. The residue, on! tralization 
: m.p. 218-220", 17,460 HO. ¢ H, 7-2; N, 4 331 
C..H,,CINO requires: C, 72°8; H, 7-3; N, 425 equiv. wt. 330). The base by treating 
the above Grignard reagent-piperidone complex with acetic anhydride prior position, gave, 
R CH,) Aydros de,m.p. 198-200°. (Found: C, 67-4; H, 7-05; N,3-9 
CINO, requires: C, 67:8: H, 7-2: N, 3-6; « v. wt. 390). The latter, 
hydrogen chloride gave the corresponding ol ydrochk m.p. and min 
— id 
4 
ae R CH.), obtained bv treating lithium ary piperidone compicx with acetic anhydride, gave a jt 
cs hydro de, m.p. 201 I i: C, 67 H, 7:2; N, 3-8; « wt. 394. C,,.H,,CINO, requires 
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GECOMPosc ‘ rid )and worked up as il to give the crude ester 
ae. gave excess of etha c drogen chloride, the ester (11, Ar 2-C HN, R H.R 
ee hydrochloride, m.p. 234-235. nd: C, 603; H, 69; N, 7-0; equiv. wt., 198. C,H 
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equiv. wt. 177. C,,H,,Cl,N,O requires: C, 60-6; 


pave / 
61-0: H, 70 
wi 20 } 
j 
cae 
suip acid 
i (10 > mil) 


O (Kjae 


e (10-8 
df 
SO he s 


1d the solvents removed under reduced press 
phenethyl)-4- 


N, 


The latter alcohol (3 ¢) was refluxed for 3 hr with propionic 


rhe residue, 
propionox y-4-(2'-pyridyl piperidine 


69; equiv. wt., 206. C,,H,,Cl,N,O, 
mixture of 4+-phenyl-4-p peri- 
) was refluxed for 6 hr, cooled and 

i ) tc cn sepa! ited 


ed on a Grubb Parsor 


ari 


ied Out in Nujol and call 


diluted 
extraction, 


hydro- 


ml) and 


»hromide 


162—163 


dded to lithiur 2-furyl in ether 
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THE REARRANGEMENT OF POLYHALOALKYL RADICALS 
IN SOLUTION WITH 1,2-CHLORINE ATOM MIGRATION* 


A_N. NesMeyANoy, R. Ku. Fremuina, V. N. Kost and M. YA. KHORLINA 
Institute of Organo-Eleme ' 
USSR Academy ol ences. Moscow 
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X being the migrating aton 


The reactions discussed ¢ closure, such as 


m Reactions 
This group in olves rearrangements with the rupture of the ring as well as some 
allylic rearrangement They are characterized by the rupture of the link (bond) at 
-atom to form a new «./-double bond 


A—8—C—-A=B C 


There is as yet little information about the reactions of the second and third types 
The best known rearrangement of the first type is that with the migration of hydrogen, 


* Translated by A l Pump insky, Moscow 
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chlorine, aryls and alkyls. Unfortunately there are very few reviews on the rearrange- 
ment of radicals but some data is recorded by Walling". 

The present work involves the rearrangement of polyhaloalkyl radicals in solution 
we have discovered. The study of chemical conversions of polychlorohydrocarbons 
containing a trichloromethyl group has revealed that the CCI, group is active in homo- 
lytic reactions.* 
nesium compounds in the presence of cobaltous chloride leads to the attack of the 
CCl, group to give compounds of the structure Cl(CH,)n-CCI,CCI,(CH,)n-Cl. Such 


Thus, the reaction of «,x,x,-tetrachloroalkanes and organomag- 


is also the case when ~,«,x,w-tetrachloroalkanes react with copper or nickel. The 
reaction seems to proceed through the homolytic cleavage of the chlorine atom from 
the tetrachloroalkane molecule according to the scheme: 
R CCI.(CH.,)nCl — RCI CCI,(CH,)nCl 
2CI(CH,)nCCl, 
It will be noted that the abstraction of the chlorine atom from the trichloromethyl 
group is effected under extremely mild conditions, and it is possible that the readiness 
of cleavage is still greater in the polychlorohydrocarbon radical, just as hydrogen is 
more labile in free hydrocarbon radicals than in saturated hydrocarbon molecules.’ 
The ready cleavage of the chlorine atom and the known stability of radicals with a 
carbon atom bearing an odd electron and linked to two chlorine atoms’ both must 


favour the rearrangement of radicals of type A into those of type B 


€CI,CCI 
A B 
In the investigations of such a rearrangement the radicals were obtained from the 
homolytic addition of various compounds to olefins containing a polyhalomethyl 
group.*~” The addition of hydrogen bromide, bromotrichloromethane, bromine, 
thiophenole, and mercaptans to compounds XCCI,CY=-CHg, where X =C1,F,H,CHsg, 


and Y=Cl,H,Br,CH, has been studied and the results summarized in Tables 1, 2, 


and 3. 
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In Table | are listed data for the reaction of hydrogen bromide with a number of 
polyhalo-olefins in the presence of benzoyl peroxide or when exposed to ultra-violet 
light. It is well known, that the hydrogen bromide addition to olefins in the presence 
of peroxides proceeds by a chain radical mechanism. The homolytic character of 
reactions presented in Table | is the more evident from the fact that in the absence of 


initiators of radical processes hydrogen bromide fails to react with compounds listed 


in the table. The chain character of the reactions is substantiated by the fact that 
addition of a minute quantity of inhibitors completely stops the reaction. Addition 
of hydrogen bromide was carried out by saturating the benzoyl peroxide solution 
(0-5 g) in polyhaloalkene (0-1—0-6 mole) at 50-70°. Some tests were carried out in 


solutions (carbon tetrachloride and n-heptane) without markedly affecting the reaction. 


Generally the reaction resulted in a mixture of products 


SCHEME | 


XCCI,CHYCH,Br 
HCCIXCYCICH,Br iI 

Br.O 
XCCI,CY=-CH HBr » HCCIXCYCICH.,CI IV 


>» dimers 


> polymers 


The following mechanism was suggested to account for this process 


SCHEME 2 


initiator + R; R HBr —- RH Br; 
(a) XCCI,CY = CH, + Br-+ XCCI,CYCH,Br (A) 


rearrangement 


XCCI,CYCH,Br (A) > XCCICYCICH,Br (B) 


(d) HBr 


HBr 


(c) 


XCCI,CHYCH,Br HXCCICYCICH.Br 
(e) 
> CXCI-——CYCH,Br + Cl 
BI (f) 


> dimers polymers 
V Vi 


XCCI,CY—CH 


XCCI,CY = CH, + XCCI,CYCH,CI (A) 


rearrangement 


—» XCCICCIYCH,CI (B’) 


XCCI,CYCH,CI (A’) 


(d’‘) | HBr 


HXCCICCIYCH,C! 
IV 


This scheme is analogous to that of Kharash’s ‘peroxide effect’ but involves at 
steps b and b’ the rearrangement of radicals A and A’ into radicals B and B’ and 
the elimination of a chlorine atom at step (e). The elimination of chlorine atoms 
results in a chain process quite similar to the main process (steps a, b, d) due to the 
liberation of bromine atoms into the system. The elimination of chlorine leading to 
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the stabilization of intermediate radicals is common to homolytic reactions.'*:” 
A number of factors affect the chemical behaviour of radicals in solutions and, in 
particular, the ratio of products obtained following scheme (1); the main factors 


being the relative stability of starting and rearranged radicals and the relative rate of 


their interaction with the reaction chain carrier such as HBr, Br,, C,H,SH. 
Reactions listed in Table | were run with the same carrier, namely hydrogen 

bromide, under comparable conditions. The comparison of results supports the 

conclusion that there is a connection between the structure of the radical and its 


capacity to undergo rearrangement with 1,2-chlorine migration. Thus, the reaction 


of 1,1,2-trichloropropene-2 (Ex. 8, Table 1) with hydrogen bromide proceeds without 


rearrangement as, in accordance with the general rule, the starting secondary radicals 


CHCI,CCICH,Br are more stable than the primary radicals CHCICCI,CH,Br that 


could have been formed on rearrangement. The radicals whose odd electron is bound 


to the group CCI, ( appear to be m re stable than the secondary C—CH—C 


| C—{}-.¢ or tertiary —C—C—¢ radicals. Accordingly, radicals A, B, C 


rearrange into radicals A’. B’. C’ (Ex. 1, 2. 3, 4, Table 1) 


>» CCI 


CHCICH,Br 


>» CCI,.CCI,CH,Br 
B 


CCI,CCICH,B: 


CCi,C—CH,Br -+ CCI,CCICH,Br 


CH 


[he primary radicals, bound to chlorine are somewhat more stable than the 


secondary ones bound to hydrogen. Accordingly. radicals D rearrange into radicals 


D 


CHCI.CHCH.Br —- CHCICHCICH,Br (Ex. 5, Table !) 
D D 


It follows, of course, that the secondary radical E rearranges into a more stable 


secondary radical I 


(Ex. 6, Table 1) 


» CH,CCICHCICH,Br 
E 


CH,CCI.CHCH,Br 
E 


It is to be noted that the introduction of fluorine or hydrogen into the trihalo- 


methyl group of unsaturated compounds (Ex. 5 and 7, Table | and Ex. 3, Table 3) 


hinders the rearrangement of radicals under study and gives rise both to rearranged 


and non-rearranged products 
Table 2 lists some data characteristic of homolytic reactions of 3,3,3-trichloro- 


propene with a number of carriers of the chain reaction such as bromotrichloro- 


methane, bromine, and mercaptans. Considering that the rearrangement of radicals 


*L. P. Schmerling, L. P. West, J. Amer. Che ‘ §, 6216 (1953) 
K R. Mavo. R. Van Meter. J imer. Chem. S 70, 4069 (1948) 


CCI.CHCH,Br 
A 
B 
Cc 


100 A N. Nesmeyvanov. R. Ku. Prema, V. N. Kost and M. Ya. KHORLINA 


according to the scheme CCI,CHCH,Z —+ CCI,CHCICH,Z (Z = CCl,,Br, SR) is not 
markedly affected by the nature of the group Z. that is remote from the centres of 
rearrangement, one can the differences in reactions compared in Table 2 as 


essentially depend 


ropropene 0 by a chain radical 
wrding to scheme (1). Bromine 
olyvtiically in a polar solvent 

This leads to a 

ion is carried 


in the 


presence of be product 


(BrCCLCHCICH,.B 


eflected either 
or 
product 
H.SCLH lar d produ lan uns a ompound 
HCCLCHCICH,S ver ni vield 
Wi phen la 2) or n-hexy!l 
inds CC] 


mercaptan (Ex. 8, | 


CHCH.SCH.C_.H 


ichloropropene but reacts 
hydrogen chloride 


is carried out in the presence of 


radical initiators (Ex. |, 3, 4, 6 the starting radicals CCL.CHCH,Z(Z = CCl,, Br, 


C,H,S) rearrange into more e radicals CCI,CHCICH,Z. The different nature of 
ton atl } lative of the products of the type 


AX 


suggestion that it is the high stability 


of the rearranged radical that is primarily responsible for the rearrangement taking 


place 


Comparison of examp! al able 2? suggests that the less effective reaction 


chain carriers prolong t } -diate radicals and thus seem to favour the 


stabilization of radicals bi ng chlorine [e.g. step e, scheme (2)] to form 


unsaturated compounds 
tions proceed with the formation of rearranged products 


In some instances the 


together with ‘normal’ addition products 


CCI_CHBrCH.Br 
CCIL.CH.-CH Br Table 2) 

*BrCCl.CHCICH.Br 

Table 
*HCFCICHCICH.B: 
CFCILCHBrCH.Br 

, Table 

Table 
)H-—-CH, Br 

, Table 
Br 


mechanism (Ex lable } e react proceeal 
bie 
on-rearranged addit roduct CCLCHBrCH, 
polar solvent exposed to electri | 
e 
1 
1 ce CHCH.SC.H,, resp 
with benzyimercap ercaptan to fort 
— These facts indicate that whenever the reaction [i ae 
i) 
(2) 
4) CH 
(5) 
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In all but the first case, one must exclude the possibility of non-rearranged products 


being formed as a result of simultaneous heterolytic addition reactions, as in the 


absence of benzoyl peroxide or electric light the reactions do not go. Further, the 


addition of traces of inhibitors stops the formation both of rearranged and non- 


rearranged products 

It is possible that the life of starting radicals F, G, H, 1 (CFCI,CHCH,Br, 
CFCIL,CBrCH, Br, CHCI,CHCH,Br, CHCIl,—C(CH,)—CH,Br) and of the corre- 
sponding rearranged radicals F’, G’, T (CFCICHCICH,Br, CFCICBrCiCH,Br, 


CHCICH( CH,Br, CHCI--CC\(CH,)—-CH, Br) is of about the same duration 


ads to a mixture of rearranged and non-rearranged products 


and so 


[he investigation of |,2-chlorine migration in radicals led to an interesting example 


i 


of homolytic conversion of CCL,.CBr=-CH, into its isomer CCl,--CCl—CH,Br 


? 


days or after exposure without heating 


The cor pound CCLCBr CH, after 


ninutes fully isomerizes 


CCLCB CH » CC CCICH.Br 


The radical chain mechanism of this rearrangement was proved by the following 


The rearrangement is initiated by exposure to ultra violet light and inhibited by 


small additions of hydroquinone or dimethylaniline. The course of the homolytic 


isomerizations of this compound ts different from that of its heterolytic anionotropic 


isomerization which proceeds according to the allylic type 


hv 


> CCl. 


CCI,CBr--CH SCI 


CBrCH.,Cl 


> CCI 


lhe following scheme is suggested for the homolytic isomerization 


a 


CH > CCi.CBrCH,.Br 


Br CCI.CBr 


A 


SCHEME 


Br + CCl,—CCICH.Br €CI.CBrCICH,Br 


The results obtained in other cases of such isomerization are listed in Table 3. 
Compounds of the type XCCI,CBr—-CH, (X = CHy, or F) are also isomerized 


when exposed to ultra-violet light or heated with benzoyl peroxide according the 


scheme 
XCCI,CBr—CH, XCCI—CCICH,Br 


3,3-Dichloro-2-bromobutene-1 (Ex. 2, Table 3) undergoes heterolytic isomerization 


under the action of SbCl, to its allylic isomer, 2,4,-dichloro-3-bromobutene-2, but 


under the action of ultra-violet light it isomerizes homolytically to 2,3-dichloro-4- 


bromobutene-2 1-Fluoro-1,1-dichloro-2-bromopropene (Ex 3, Table 3) when 


exposed to ultra-violet light isomerizes homolytically to 1-fluoro-!.2-dichloro-3- 


bromo-propene-|, with a simultaneous formation of a dimer whose structure is 


considered to be 


| 
(Ex 
to a mercury tamp tor a 
| 
obser 
| 
a 
| 
| 
| 
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The isomerization of XCCI,CBr=-CH, to XCCI==CCICH,Br is accounted for 


by the fact that radicals with linkages—-C—-C—Br readily split off bromine and are 


stabilized to form unsaturated compounds. Therefore, in compounds of the type 
XCCI,CBr—CH,, where X is Cl or CHs, we failed to effect the homolytic addition 
of even hydrogen bromide or thiophenol which are known to be very effective chain 
carriers (Ex. | and 2, Table 3). _ 

The starting radicals XCCI,CBrCH,Z where X is Cl or CH, and Z is Br or C,H,S 
isomerize in all cases to split off bromine and form unsaturated compounds XCCI 
CCICH,Z. Only in the case of hydrogen bromide addition to 1-fluoro-1,1-dichloro- 
2-bromopropene under the action of ultra-violet light (Ex. 3, Table 3) was there a 
saturated addition product (CFCI,CHBrCH,Br) formed together with the unsaturated 
compound (CFCI--CCICH,Br). But the saturated product resulted from the non- 
rearranged radical T whilst the rearranged radical T’ was stabilized only by abstraction 
of bromine to give an unsaturated compound [see Scheme (4)] 


CFCI,CBr—CH, Br CFCI,CBrCH,Br 
T 


rearrangement 


CFCI,CBrCH.Br > CFCICCIBrCH,B: 
SCHEME 4 HBr T 
CFCI,CHBrCH,Br — Br CFCI—CCICH,Br + Br 


It is to be noted that 1,2-chlorine migration was also observed in other reactions. 
Thus, Urry’® investigating the reaction of diazomethane and carbon tetrachloride 
under the action of light obtained tetrachloromethylmethane as the sole product in a 
60 per cent yield. Since the reaction is very slow in the dark, is accelerated by light 
and is inhibited by diphenylamine it follows a radical chain mechanism. 

The reaction of diazomethane with trichloromethane, chloroform and methyl 


trichloroacetate proceeds similarly 18 Methyldiazoacetate reacts with chloroform, 


carbon tetrachloride and bromotrichloromethane to form rearranged products.’ 


rhe reaction of olefins and sulphuryl chloride in the presence of tertiary butyl 
peroxide proceeds as follows ;*° 


RCHCICH,CI 
RCH—CH, + $O,C! 
- (RCHCICH,),SO, 


and the authors suggest rearrangement of radicals with 1,3-chlorine migration from 
sulphur to carbon according to the scheme: 
RCH-==CH, + $O,C!i RCHCH,SO,CI 


RCH—CH, 
RCHCICH,SO,CH,CHR —RCHCICH,SO, 


SO,Cl, 
(RCHCICH,),SO, + SO,CI 
‘SW. H. Urry, J. R. Eiszner, J. Amer. Chem. Soc. 74, 5822 (1952) 


19 W.H. Urry, J. W. Wilt, J. Amer. Chem. Soc. 76, 2594 (1954) 
20M. S. Kharasch, A. F. Zavist, J. Amer. Chem. Soc. 73, 964 (1951). 
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On the basis that the rearrangement of polyhaloalkyl radicals gives rise to more 
stable radicals, their relative stability has been tabulated as follows: 


CCI.CH, < CCI,CH,CI"* 
CH.CICCI.CH, CH.CICCICH,CI"* 


(CH,Cl),CCICH (CH,Cl),CCH,CI"* 
CHCICCI,CH.Br CHCI,CCICH,B: 
CCIL,CHCH.X < CCI,CHCICH,X 

X = Br.* SCH 
CCI.CHCOOCH, CCI,CHCICOOCH 
CCI,CCICH,Br < CCI,CCI,CH,Br 
CCI.CBrCH,Y CCI,CCIBrCH.Y 

Y Br, SC.H 


CH,CCI,CHCH,Br < CH,CC CHCICH,Br 
CCI,C(CH,)CH,Br < CCI,CCI(CH,)CH,Br 
CHCI,CHCH.Br CHCICHCICH.Br 
CHCI.C(CH,)CH,Br < CHCICCI(CH,)CH,Br 
CFCI_.CHCH,Br < CFCICHCICH,Br” 
CFCI,CBrCH.Br < CFCICCIBrCH,Br* 


From this table the following sequence of increasing stability of radicals may 


deduced: 


RCH R.CH — R.C < RCHCI ~ R.CCI < RCCI 


with R being the polyhaloalky! radical 
The agreement between the first three of this sequence with the stability of the 
hydrocarbon radicals (primary secondary tertiary) emphasizes the validity of 


the suggestion that the rearrangement is essentially due to the formation of radicals 


which are more stable under the conditions studied 
In accordance with the experimental evidence the rearrangement under investiga- 
tion proceeds with an intramolecular chlorine atom migration. Thus the homolytic 


hydrogen bromide addition to 1,1,1-trichloropropene may proceed as follows 


Br CCI_.CH=CH >» CCI_.CHCH,Br 
Scueme 5 rearrangement 
HBr 
Br HCCI.CHCICH.Br > CCI_.CHCICH,Br 


Alternatively the chlorine atom is split off with subsequent addition to the double 
bond to give a rearranged radical as follows: 
Br + CCILCH—CH, CCI,CHCH,Br CCl,-CHCH,Br + Cl 
A 
SCHEME 6 HBr 
Br HCCI,CHCICH,Br < CCI,CHCICH,Br 
* The life of investigated radicals under selected conditions is of about the same duration. There are 


still not enough data to speak more precisely about the relative stability of these radicals but that of the 
radicals to the right seems to be higher or near to that of the radicals to the left 


a 
: 
7 
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It is, however, known that the chlorine atom adds more readily to compounds of 
Type I than II, and hence scheme (6) cannot predominantly lead to the formation of 
the rearranged compound III as has been observed. 

The main argument in support of intramolecular chlorine atom migration is the 
fact that in some cases studied the rearrangement does not proceed with the formation 
of any products due to intermolecular chlorine migration. 

Thus, the following schemes exemplify rearrangements that result in almost 
quantitative yields of a single product: 


hv 


CCI,CBr—CH > CCl,—CCICH, Br 


Bz.O, 
CH,CCi.CBr—CH > 
HBr 


Bz,O, 
CCl,.CH—CH, + HBr > HCCI,CHCICH.Br 


But in those reactions where the intramolecular chlorine migration is accompanied 
by intermolecular migration additional products are always formed. Thus, for 
example, scheme (7) shows a homolytic addition of thiols to 1,1,1-trichloropropene 
to yield both rearranged compounds V according to scheme a, b, c, and unsaturated 


compounds IV as well as hydrogen chloride following the scheme a, d, e: 
SCHEME 


a d 
SR CCiLLCH—CH > CCI.CH—CH.SR > CCi.—CH—CH,SR Cl 
A IV 


Ci HSR_“ HCI + SR 
b | rearrangement 
HSR y 
SR HCCI.CHCICH,SR > CCI.CHCICH,.SR 


c 
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4.6-O-benzvliden lerivati fon yl altroside, n vl glucoside, and meth 


mannosid he f used compounds examined in this investigation) has been 
reported, and it 1s generally assumed that in these cor pounds the phenyl group 


occupies the equatorial position). With cis ring fusion two conformations, with both 


rings in a chair form, are possible. These have been denoted as “o inside” and 
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“H-inside” forms.* Formulae II and III represent the “o-inside” and “‘H-inside”’ 
conformations of methyl 4,6-O-benzylidene-«-p-galactoside. It would be expected that 
structure Il would be the more stable as it permits the hydroxyl groups attached at C(2) 
and C(3) of the pyranoside ring to occupy equatorial positions. Moreover the 


TABLE 1. RATES OF HYDROLYSIS OF METHYL 4,6-O-BENZYLIDENE- 
HEXOSIDES A 40-0 Of AQUEOUS ETHANOI 


0-03 M IN HY 


-O-Benzylidene ing Relative 


rat 


configuration at the acetal carbon atom is presumably that with the phenyl substituent 


in an equatorial disposition. Methyl -idoside differs from methyl «-pb-galactoside 


in the configuration at C(2) and C(3) only (e.g. see method of preparation in 


Experimental section). ( onsequently the “o-1 *” and “H-inside”’ forms of methyl 
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4,6-O-benzylidene-x-pD-idoside might be represented by I\ and V. Reeves® has claimed 


that his results with the cuprammonium complexing technique indicate that the sugar 


ring of methyl 4.6-O-benzvlidene-z-D-idoside exists in the 1C conformation. This 


should not be taken however to imply that the molecule exists in the “H-inside” form 


(V) because the phenyl group would then occupy a most unfavourable steric position, 
It is probable that the olecule adopts a conformation involving half-chair or boat 


forms which allows the hydroxyl substituents at C(2) and C(3) to complex with the 


cuprammonium reagent, and which result he phe yl group occupying a more 
favourable for the cis fused 
systems the trans fused 
compound ince minor displacements frot ne conk at wards the other may 


Cons jucn snot ncuit to envisage forms between the 
two extrel 

In discussing our results it 1s necessa to isider not only the stereochemistry of 

s. Hydrolysis 

iccepted mechanism 

for the hydrolysis of Ik iceta the acetals under consideration are 

unsvmn 
carbon-OXxysg 


possidie ye 


For all the methyl 4,6-O-benzylidene-glycosides studied the rates of acidic 
hydrolysis followed the first-order law. (Cf. the work ol Newman and Harper’ who 
obtained first-order rate constants for the acid-catalysed hydrolysis of cyclic ketals 
formed from simple acyclic diols and cyclic ketones. The results they obtained were 
those expected if the rate-determining step is the same as that established for the 
acid-catalysed hydrolysis of acyclic acetals.) From the results listed in Table | it can be 
seen that the effect of structure on the rate of hydrolysis is small, the fastest reaction 


*R.E Reeves, J imer. Chen Sec. 72, 1499 (1950) 
* See C. K. Ingold, (ure Mech Or p. rnell University Press (1953) 


> M.S. Newman and R. J. Harper, J. Amer. Chem. Soc. 80, 6350 (1958) 
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rate being only 3-5 times that of the slowest. In contrast to some acid-catalysed 
reactions in the sugar series, e.g. glycoside hydrolysis, configurational changes had only 
a small effect. This absence of steric influence on reactivity means that on going from 
the initial to the transition state there can be little increase or decrease in steric strain 
and hence little change in the geometry of the molecule. This is consistent with both 
mechanisms (A) and (B). In either case on going to the transition state there is a 
stretching of one of the acetal carbon-oxygen bonds and so the steric disposition of 
groups in the pyranoid portion of the molecule will not have changed greatly: hence 
their initial position will have little effect on the rate of reaction 

Rates of acetal hydrolysis of methyl benzylidene-glycosides are 2—3 times faster 
when the ring junction is trans than when it is cis. In so far as these rate differences are 
significant they may be taken to imply a slightly greater release of steric strain on going 
to the transition state for the trans fused compounds than for those cis fused. 

here is a larger rate difference between the benzylidene derivatives of methyl «- 
and /-p-glucoside (‘rans fused) than between the corresponding galactosides (cis fused). 
This might be compared to Foster’s® results on the stabilities of the borate complexes 
of the anomeric methyl D-glucopyranosides 

rhe only previous work on the rates of hydrolysis of the 4,6-O-benzylidene 
derivatives of methyl glycosides is that of Richards’ who followed the changes in 
optical rotation on hydrolysis of methyl 4,6-O-benzylidene-x-b-glucoside and methyl 
4,6-O-benzylidene-3-deoxy-x-D-glucoside with 0-004N ethanolic hydrochloric acid at 
100°. He concluded that the benzylidene residue in the 3-deoxy-compound was 
hydrolysed at much the faster rate, and considered that this difference in rates was 
analogous to the much greater rate of hydrolysis of the methoxyl group of methyl 
2-deoxy-glycopyranosides when compared with methyl glycopyranosides. The changes 
in optical rotation on going from methyl 4,6-O-benzylidene-3-deoxy-x-b-glucoside 
({M],, + 32,500) to methyl 3-deoxy-a-p-glucoside ({M],, +22,300) and from methyl 
({M], + 35,500) to methyl «-p-glucoside 

30,900), are small, and hence measurements of the rate of change of optical rotation 

cannot give a very accurate value for the rate of hydrolysis. Our results, based on the 
rate of formation of benzaldehyde, indicate that the rates of hydrolysis of these two 
compounds are almost identical. That the analogy drawn by Richards is a false one 1s 
shown by the following considerations. The mechanism of the hydrolysis of glycosides 
is not known with certainty but there are two possibilities* and we shall consider one of 
these, (C), but our arguments would apply equally well to the other. The pathway (C) 


> Products 


depicts an A-1 mechanism involving a pre-equilibrium proton transfer followed by the 
decomposition of the conjugate acid so formed in a unimolecular step. The overall 
rate of reaction will depend on the concentration of conjugate acid and on the rate of 


its unimolecular heterolysis. The effect of making a substituent (X) at C(2) more 


B. Foster, Adv. Carbohyd. Chem. 12, 81 (1957) 
7G. N. Richards, Chem. & Ind. 228 (1955) 
*C. A. Bunton, T. A. Lewis, D. R. Llewellyn and C. A. Vernon, J. Chem. Soc. 4419 (1955) 
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electron-withdrawing would be to decrease the standing concentration of conjugate 
acid and to lower the rate of unimolecular heterolysis. Both factors will operate in 
such a way as to cause the overall rate to be reduced and methyl «-b-glucopyranoside 
(X = OH) would be expected to be hydrolysed more slowly than methyl 2-deoxy-2- 
p-glucopyranoside (X = H), as in fact is the case. With the 4,6-O-benzylidene 
derivatives, alteration of the hydroxyl residue at C(3) of the pyranoside ring for a more 
electron-withdrawing group would have little effect on the rate of 4,6-acetal hydrolysis 
if mechanism B was operative: the position of the change would be too remote from 
the site of bond fission to exert an effect of much magnitude. If mechanism A was 
operative (VI-IX) the same alteration would lower the standing concentration of 
conjugate acid but increase the rate of the unimolecular heterolysis. These two effects 
would tend to cancel out and the overall rate might be only slightly changed. It is 
reasonable therefore that the rates of hydrolysis of the benzylidene group in methy! 
4.6-O-benzylidene-z-b-glucoside (VI, X OH) and methyl 4.6-O-benzylidene-3- 
deoxy-z-D-glucoside (VI, X H) should be closely similar. Obviously the effect of the 
methylene group at C(3) in compound VI, X H) on the rate of hydrolysis of the 
acetal residue is not comparable with that in 2-deoxyglycosides on the rate of glyco- 


sidic cleavage 


EXPERIMENTAI 


tives were prepared by treatment of the methyl hexo 
nt ) Products were isolated 
ired 
7, 4 6-O-her idene-2.3-di-O-methyl-a rlucoside was prepared in 67“, yield by methylation 
Mel-—Me.CO) of methyl 4.6-O-benzylidene-x-p-glucoside at iad m.p. 121-122°, 


5 in Me,CO). (Irvine and Scott’® report m.p. 122-123 xp 97-03° (in acetone) 


Vethyl 4,6 venzvlidene-3-d p-gluco(allo)side, m.p. 177-180 +-121-6° (c, 0-52 in 
CHCI,) (Found: ¢ lc. for C,,H,,O C, 63-1 ), and methyl 4,6-O- 
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benzylidene-x-D-altroside, n (c, 0-50 in CHCI,) were prepared from methyl 


J. C. Irvine and J. P. Scott, J. Chem. Soc. 575 (1913) 
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4,6-O-benzylidene-x-D-glucoside by the methods of Vis and Karrer,’* and Richtmyer and Hudson’*’ 
respectively. Methyl 4,6-O-benzylidene-3-deoxy-x-p-glucoside, m.p. 182°, was obtained also by 
benzylidenation of methyl 3-deoxy-«-p-glucopyranoside. 

Methyl 4,6-O-benzylidene-x-D-idoside, m.p. 147-148", +52-1° (c, 1-0 in CHCI,) was obtained 
from methyl 4,6-O-benzylidene-x-p-galactoside as initial material by Sorkin and Reichstein’s** 
method. These authors quote m.p. 148-149° and [«}>* +49-2° (CHCI,) for this compound. 


TABLE 2. PHYSICAL CONSTANTS OF METHYL 4,6-O-BENZYLIDENE-HEXOSIDES 


This work Literature 


4,6-O-Benzylidene Solvent for 

derivative of crystallization (c, on CHCl) m.p [ap (in CHCl) 
Methyl «-p-glucoside MeOH-—H,O; 2 120° 164-165 117-5 

Pet. Ether-CHCI, 

Methyl /-p-glucoside EtOH-H,O (0-98) 
Methyl «-p-galacto- EtOH-H,O 7 (0-49) 

side 
Methyl $-p-galacto EtOAc-EtOH 

side 
Methyl x-p-manno H,O 144 


side® 


199-200 


s a specific rotation close to that reported by Robertson and I amb,?® it differs 


Although our sample ha 
from that quoted by Sorkin and Reichstein,” and by Bell and Greville.** Our sample however had a good 
elemental analysis (Found: C, 59-3; H, 6°5. Calc. for C,,H,,O,: C, 59°55; H, 6°4%), and liberated the 
theoretical quantity of benzaldehyde (determined spectrophotometrically) on hydrolysis. Also it could be 
converted into authentic methyl 4,6-O-benzyliden« loside 
m.p. 173-178 


The main product of the reaction was methy! 
, m.p. 97-98", was also obtained.) Separation of 


someric dibenzylidene « 


(A small amount of an! 
the di- and mono-benzylidene compounds was facilitated by 


Only one monobenzylidene derivative was obtained, which ts in agreement with the work ol 


tt greater solubi of the latter in water 


Robertson,'* 


who proved that it is a 4,6-derivative 


A weighed amount of the benzylidene derivative (approximately 


Procedure for rate measurements 
aqueous ethanol and the 


equivalent to 50 ml of a 0-037 M solution) was dissolved in 40 ml 96 
solution was placed in a thermostat maint uined at 40 0-1 When the solution had attained 
thermostat temperature, 0 15 N ethanolic hydrochloric acid (10 ml) was added. At 


time portions (5 ml) were withdrawn, cooled to about 10°, and their optical densities at 320 my 


noted intervals of 


were measured with a Unicam S.P. 500 spectrophotometer At this wavelength the only strongly 
species in the system is benzaldehyde. Eight portions from each solution were examined 


absorbing 
The optic il densities of the reaction solutions all measured after 10 1 half-life of the 
reaction and the values were used, with the aid of a calibration curve, to calculate the concentrations 
110] of the amount 


of benzaldehyde at con piete reaction These all corresp ided to between 99 and 


of benzaldehyde calculat yn the basis of the initial weight of benzylidene compound In each case 
the initial optical density was taken as being that of a solution of the same concentration of the com- 
pound in 96%, ethanol containing no hydrochloric acid 

Id not be expected under the conditions used since the 
fn re 10-*-10~-° sec"! in 2 M hydrochloric 


rate constants for the hydrolyses of methyl hexopyranosides are 


Hydrolysis of the glycosidic linkages wou 


acid at 60 To confirm this the product from methyl 4,6-O-benzylidene -x-p-glucoside was isolated 
after 48 hr and was found to be methyl «-p-glucopyranoside, m.p. 166 167°, D 157° (c, 1-0 in 
water) (yield 85°.). Also one of the more easily hydrolysed 


pyranoside was found to give a stable optical rotation [%]p 22° (« 1-0) for 46 hr under the reaction 


me } ] oa 
rlycosides, namely methyl! }-p-galacto- 


* P, S. Mathers and G. J. Robertson, J. Chem. Soc. 696 (1933) 

10 G, J. Robertson and R. A. Lamb, J. Chem. Sox 

J. W. H. Oldham and D. J. Bell, J. Amer. Chem. Soc 

12 G. J. Robertson, J. Chem. Soc. 330 (1934) 

13 EF. Sorkin and T. Reichstein, Helv. Chim. Acta 28, 1 (1945). 

4D. J. Bell and G. D. Greville, J. Chem. Soc. 1136 (1955). 

16 FE. Vis and P. Karrer, Helv. Chim. Acta 37, 378 (1954). 

17 N. K. Richtmyer and C. 8. Hudson, J. Amer. Chem. Soc. 63, 1727 (1941). 
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conditions and to be recoverable in 90 


B. Capon, W. G. Overenp and M. Sosett 


by testing with Fehling’s solution 
The hydrolysis of each compound was examined in duplicate and the differences in the mean values 


of the rate constants never differed by more than 3 


TABLE 3 


(a) Methyl 4,6-O-be7 
Time (min) 0 
D 0-014 


10° (sec™*) 


Mean & 


(b) Methyl 4,6-O-ben 
Time (min) 0 
0-000 


Time (min) Uv 


Time (min) 
D 
10° (sec 


Mean & 


4.6-O-ber 
0 


0-016 


(Errors aft 


Results 


are listed in Table 3 to give an indica 


order rate constants were calculated from the equation A . ae | l 
) ) 


D, 


infinite time 


by the changes in optical 


are respectively the optical densities of the reaction solution initially 
t th concentration terms replaced 


for each of the compounds studied. 


HYDROLYSIS OF SOME METHYL 4,6-O-BENZYLIDENE-HEXOSIDES 
00-0375 M) 
45 5 90 
304 0-431 0-473 
1°63 1-60 1:54 


74 min 


tial concentration 


hydrolysis in 


¥-p-alt nitial concentration 0-037 


1s 
0-121 


( 


150 
O6SO 
1-71 


240 
0-550 
7.48 


460 


0-609 


120 
0-602 
1:78 


ydrotrysis if 


sitions from the me 


tion of the extent and magnitude of the measurements 


2-303 D D 
log 


after a time 


tegrated first-order rate express 


th 


density to whic cy are proport 


are recorded in minutes but the rate constants are given u 


Ack now le dee ments 


assistance with 


the synt 


hesis of some of the compounds. One of us (M 


County Council for financial assistance 


yield Glucose was shown to be absent at the end of each run 


0-828 


0-830 


All the results are summarized in Table 1 and detailed values for representative reactions 


The first- 


.where D,, D, and 


and 


The experimentally observed times 


The authors thank Miss S. B. Day and Mr. J. Sequeira of this Department for 
S.) thanks the London 


— 
sO 
62 0-828 
1-55 
1:57 + 0-04 x 10~* sec 0°, 
> 0) 45 a0 7< 00 120 
0-215 0-297 (435 0-497 0-585 
10% (se ) 1-64 1-70 1-70 
Mean 4 1-69 + 0-03 sec 50°, hydrolysis in 68 mu 
th le (initial concentration 0-0375 M) 
(c) M 4.6-( nzviidene ua 
1) 60 120 150 180 300 
0-114 0-204 0-285 0-349 0-407 0-462 0-612 0-825 
7. AA 7.22 7.31 7-40 7-40 
‘ raiveic if S2 min 
‘ Mean 14 0-10 sec 0 vdrolys l mil 
(d) Methyl 4,6-O-benzviider 1-b-idoside (initial concentration 0-05 M) 
0 10) 60 ”) 120 180 240 100 x 
Ne : 0-028 0-108 0-185 0-243 0-306 0-407 0-485 0-557 — — 
6-5 5.78 §-9] §-9) 5-86 = 
5-92 00 sec 50°. hydrolysis in 195 mit 
(ce) Methy 1 (initial concentration 0-0375 M) 
4 Time 1s 10 45 60 75 105 . 
D 0-136 0-238 0-316 0-388 0-449 0-513 | O82 
(sec™") 1-78 1-78 1-71 1-70 1-70 1-76 
Mean 1:74 0-03 sec 50°, hye) 66 
2 er the sign are mean devin.) 
= 
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ASYMMETRIC ANNELLATIONS—V 
PHENYLACENES 


E. CLAR 


Department of Chemistry, The University of Glasgow 


(Received 9 May 1961) 


Abstract—An asymmetric annellation effect is recorded in passing from an acene to a phenylacene 
and then to a diphenylacene if the formation of an exocyclic electron quartet is possible. This is 
considered an important unit in a polycyclic system. The electronic structures are discussed involving 


a subdivision of the w-electrons into 7, and 7, electrons 


l'HE existence of aromatic sextets in an acene is only possible if two z,-electrons of the 
sextet have a greater mobility than the other electrons located in the double bonds. 
Migrating through the acene as indicated by the arrows they can give each ring a 


sextet and a share of benzenoidity.' 


If phenyl-complexes each having an aromatic sextet are condensed a small annel- 
lation effect is recorded. Passing from benzene to diphenyl and terphenyl the red 
shifts of the /-bands are small. Contrary to this a strong asymmetric annellation effect 


4: 85 065 A(in heptane) 
Ag = 1835 1980 2065 A(in heptane 


is observed in the series napthhalene, 2-phenylnaphthalene and 2,6-diphenylnaphtha- 


lene (Fig. 1): 


Ag * 2210 > 2500 = > 2630 A (in alcohol) 


The first shift is equal to the annellation of one ring in the acene series, 1.¢. from 
naphthalene to anthracene. The second smaller shift is similar to the one recorded 


1 FE. Clar. Tetrahedron 5, 98 (1959); 6, 355 (1959); 9, 202 (1960) 
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in the transition fron erimentally established equal 
red shift in the acene tv of the two 7.-electrons then 


a similar process mus issumed for the large shift in passing from naphthalene to 
2-phenylnaphthalene This will le if the four positive charges belonging to 
the two pairs of mobile electrons assume the position as indicated in the formula of 


phenylnaphthalene. Then the 7,-clectrons can partly leave the rings and form an 
induced quartet as symbolized by the broken circle. It is the analogous process to the 
formation of an induced sextet, j1 without the double bond bridge. Benzene was 
represented by the formula I with four 7,-electrons belonging to the whole ring, one 
electron being above and the other one below the molecular plane : 


If the same principle is applied to the naphthalene-complex the structure II is 
obtained 


* FE. Clar, Tetrahedron 9, 202 (1960) 
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Asymmetric annellations—V 


The transfer to two z.-electrons from the phenyl-group cannot be repeated a 


second time in an anthracene-complex, because a third pair of z,-electrons from the 


second pheny! group would not have the four positive charges available to form an- 


other quartet. In accordance with this, another asymmetric annellation series is 
formed with anthracene III, 2-phenylanthracene IV and 2.6-diphenvlanthracene V 


(Fig. 2) 


° 


2950 dioxane) 
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3505 Alin benzene) 
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The connection of the first phenyl-group to anthracene shifts the f-band to the 


he second phenyl-group in going to V has again 


ne 


position of the }-band of tetracene 
on of the ethylene bridges in passing from IV to VI and 


VI VIL and brings the shift 


little effect The introduct! 
from V to VIL produces the annellation series III 
‘into operation They also transform the quartet into a sextet. 


deduction rule 
I repl icement of two mobile z.-electrons by four 7 -clectrons 


It Is obvious that the 


must strongly affect the p-bands. It has been known for a considerable time that 


ingular annellation produces a shift of the p-bands to shorter wavelength 
than apparent in the electronic transition, because the p-bands 
Without this discrimination which 


However, 
this shift is much bigger 
change their class from p-bands to p,,(p )-bands 
was explained in detail recently,” there would be no asymmetric annellation effect for 


the p-bands and the |,.2-benzacenes would have the same p-bands as the acenes with 


the same number of rings 
The transfer of a pair of 7,-electrons from a phenyl-group to form a quartet 
is possible only in /-positions But it does not take place in «-positions. Thus the 


21Vth Symposium on Molecular Spectroscopy. Pergamon Press, London (1960) 
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B-band of naphthalene (2210 A) shifts little in passing to |-phenylnaphthalene 
(2260 A). One can argue that the phenyl-group is not uniplanar with the naphthalene- 
complex, so preventing the transfer of 7,-electrons. But this does not apply to 
benzanthrene (/-band at 2280 A) and 3,4-benzofluorene ($-band at 2310 A) (Fig. 3). 
he shifts in the two latter cases are as small as would be expected for a substitution 
with methylene-groups. There is no difference to account for a z,-electron transfer. 
One could rather say that 1-phenylnaphthalene is not planar because little energy, if 
any, could be gained by forcing the phenyl-group into a planar arrangement. 7 

\ new situation is created by fusing a ring between phenyl- and naphthalene- 
complex, as in 3,4-benzophenanthrene VIII. Although this hydrocarbon is not 
planar a strong shift of the /-band by comparison with 1I-phenylnaphthalene is 


recorded. The shift of 550 A is much bigger than the one observed in passing from 


XI xu 


2-phenylnaphthalene to chrysene IX or tetraphene X which amounts to 170 A and 
370 A respectively. 

It is obvious that the two central rings in VIII can assume naphthalene structure, 
thus providing electron transport as indicated by the arrows, in formula VIII which is 


a 
lie 
a ’ 
> 
| 
Vil 
> 
xX 
> ° 
267CA 
2 - 
x 
2870A (in alcohol) 
> 
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analogous to the structure IX for chrysene. The difference in Af in comparison with 
chrysene is accounted for by the planar arrangement of the rings in LX and the non- 
planarity in VIII. The shift in going from 2-phenylnaphthalene to chrysene IX is 
smaller than in passing to tetraphene X. The former has more benzenoid character 
because the two sextets forming a diphenyl-system can move simultaneously into the 
other two rings giving them a share of benzenoidity 


Although the §-bands of the hydrocarbon in Fig. 3 are in a very narrow region, 


the p-bands of benzanthr al } 4-benzofluoranthene are considerably advanced 


in comparison with |-phenylnay hthalen In the excited state of 1-phenylnaphthalene 
XI two z-electron re loca in the naphthalene-complex, whilst in the excited 
state of benzanthrene and enzofluorene XIII both the phenyl- and the 
naphthalene-complex a volved and a double bond is formed between them. The 
gain ol this double bond mak the transition energy smaller just as in dipheny! 


4 


compared with benzene h duces a red shift of the p-bands 
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THE INTERACTION OF ELECTRON ACCEPTORS 
WITH 


THE SPECTRUM OF S-TRINITROBENZENE 
PRESENCE OF AMMONIA AND 


IN THE 
ALIPHATIC AMINES 


R. Foster and R. K. MAcKi 


Chemistry Department, Queen’s College, University of St. Andrews, Dundee 
(Received 25 January 1961) 
Abstract—The interaction of s-trinitrobenzene with certain aliphatic amines has been studied spectro- 
photometrically It is suggested in solutions in ethanol or chloroform, an adduct is initially formed 
by a dative bond between the nitrogen of the amine molecule and the 2-position in s-trinitrobenzene. 


The initial reactions are reversed by acid, but in time further irreversible reactions occur. 


AROMATIC nitro-compounds interact with aromatic amines to form intermolecular 


charge-transfer complexes.” These complexes usually show a single featureless 
absorption in the near ultra-violet or visible, not present in either component alone. 
For complexes of a given acceptor with a series of electron donors there is often a 
linear correlation between the frequency of the maximum of this band and the ioniza- 
tion potential of the electron donor’* although this is theoretically unexpected.5.6 
The stoicheiometry of the components in the complex in solution is nearly always 
1:1, even where a solid complex of different stoicheiometry may be obtained from the 
solution.’»* The reaction is very fast so that by ordinary techniques it appears to be 
completed instantaneously 

The behaviour of aliphatic amines with aromatic nitro-compounds appears to be 
very different.'»*.'° The absorption which develops on mixing the two components 
often consists of more than a single band, the shape and intensity vary with 
time. There appears to be no simple relationship between the frequency of the new 
absorption band(s) and the ionization potential of the donor. The stoicheiometry of 
the components in the complex in solution is often other than 1:1. Various suggestions 
have been made as to the mechanism of formation and the structure of the product of 
these reactions. There is considerable evidence to suggest that several species are 
involved and that the nature of the products may depend on the time of contact of the 
two components, temperature, and the particular nitroaromatic—amine pair and the 
solvent. 

RESULTS AND DISCUSSIONS 


It is convenient to consider the behaviour of s-trinitrobenzene—aliphatic amine 
systems in two sections: (1) in ethanolic solution; (II) in chloroform solution. 


1 J. Chem. Soc. 3508 (1959) to be considered as Part I of this series 

2 R. S. Mulliken, J. Amer. Chem. Soc. 72, 605 (1950); 74, 811 (1952): J. Phys. Chem. 56, 801 (1952) 

7H. McConnell, J. S. Ham and J. R. Platt, J. Chem. Phys. 21, 66 (1953) 

* R. Foster, Nature, Lond. 183, 1253 (1959); Tetrahedron 10, 96 (1960) 

5 C. Reid and R. S. Mulliken, J. Amer. Chem. Soc. 76, 3869 (1954) 

® R. S. Mulliken, Proc. International Conference on Coordination Compounds p 371. Amsterdam (1955). 
7 G. Briegleb and J. Kambeitz, Z. physik. Chem. B32, 305 (1936) 

® R. Foster, D. LI. Hammick and A. A. Wardliey, J. Chem. Soc. 3817 (1953) 

*R. E. Miller and W. F. K. Wynne-Jones, J. Chem. Soc. 2375 (1959) 

10 G. N. Lewis and G. T. Seaborg, J. Amer. Chem. Soc. 62, 2122 (1940) 


119 


ag: 
13 
4 


AUT AUT sAep 
(¢) zy (Z) Joye souny OZ JouRYIS U 


¢ Joye OZ ye ul 


Oo woods 


2. 
4 
x 
Cc 
4 


R. 


= gee? E 
. 
~ > 
~ 
~ 
> 
~ > 
~ 
~ 
. 
. 
J 
‘ 
t 
= 
; 
3 


Ul + Jo UONdIOSGY “DIA 
hw 


as ‘ysbuajanom 
00s 00s 


The interaction of electron acceptors with bases—II 
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I. Alcoholic solutions 

The visible absorption spectrum of s-trinitrobenzene with ammonia or an aliphatic 
amine, when measured within two minutes of mixing, shows either two maxima or one 
maximum (at about 450 mj) and one very pronounced plateau at longer wavelengths. 
With some amines it is necessary to cool the solution to about — 50° in order to see this 
spectrum as it is later masked by absorption which develops in the region 470-520 mu. 
[he “primary” spectrum reported by Miller and Wynne-Jones® appears to be mainly 
this latter absorption, but depending on the particular amine and on the concentra- 
tions of the reactants, it may be the initial spectrum we observe combined with the later 
development (Figs. 1-4). At first the colour is discharged by dilute hydrochloric acid ; 
after about an hour at room temperature acidification results in a new absorption 
spectrum with a major absorption in the region 470-500 my with, in the case of 
secondary and tertiary amines a subsidiary absorption at about 550 my. After 24 
hours, alcoholic solutions of amines with s-trinitrobenzene show a maximum at 350 
370 mu on acidification This has been previously observed by Miller and 
Wynne-Jones. However, we find that with most amine s-trinitrobenzene mixtures, 


the band at 470-500 my, referred to above, also persists (Fig. 5) 


The initial absorption that we observe is very similar to that of ““Meisenheimer” 


compounds,"' for example potassium methoxy |-ethylpicrate** (I, X OEt) (Fig. 6). 
[he possibility was considered that the complexes of aliphatic amines with s-trinitro- 


benzene in alcoholic solution were obtained similarly by the attack of the substituted 


NR 


amide ion formed by autoprotolysis. The relatively low electrical conductivity could 
be accounted for by ion-pair formation (Structure II). There are however two pieces 
of evidence against this mechanism. Firstly, tertiary amines with s-trinitrobenzene in 
alcoholic solution give spectra similar to the products with primary and secondary 
amines. If the mechanism is the same with the various aliphatic amines, this eliminates 
autoprotolysis. Secondly, this mechanism would require the stoicheiometry to be 2 
amine molecules to | s-trinitrobenzene molecule, whereas Miller and W ynne-Jones® 
have shown that the stoicheiometry is 1:1. We have confirmed this ratio for the initial 
reaction of ammonia with s-trinitrobenzene in ethanol by a Job plot. 

We suggest that the initial absorption spectrum is the result of covalent bond 
formation between the nitrogen of the amine molecule and the 2-carbon atom in the 
s-trinitrobenzene molecule (III). 

The increase in electrical conductivity with time® implies that the subsequent 
species is ionic. Electrophoretic experiments indicate that the coloured ion is 
negatively charged. Three explanations of the coloured ion formed in the secondary 


reaction are as follows 


‘! J. Meisenheimer, Liebigs Ann. 323, 219 (1902). 
12 R. Foster, Nature, Lond. 176, 746 (1955) 


3 P. Job. C.R. Acad. Sci., Paris. 180, 928 (1925): Ann. Chim. 9, 113 (1928): 6, 97 (1936) 
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(a) A proton ts transferred from the s-trinitrobenzene molecule to the amine. This 


has been disproved in the case of attack by the stronger base OH™ by the lack of 


deutercum exchange between D,O and s-trinitrobenzene in the presence of sodium 


hvydroxide.*:'* 


The transference of an electron from the amine to the s-trinitrobenzene molecule 


(pb) 
This mechanism, 1 by Weiss’ for rbor ates, is favoured by 
ion would be a 

solutions 


acetone 


wcreases then decreases with 


has ontirmed the presence ola 


n ~10°°M with respect to s-trinitro- 


weak I 


benzene and wit spect liethvlamine The absorption reaches a 


maximum In neither case was it possible to determine 


the absolu ay represent only a small 


fraction of of electron transfer implies 


that the san adical med | ive of the particular aliphatic amine 


electron donor amines are not identical 


(Figs. 1-4). although this mig! ‘xplained by environmental effects including ion 
pair formation, in addition tributik ron er reaction products 


(c) A third possibility ! nat ) ured anion by the attack of the 


autoprotolysis, whic h was 


amide ion, the con 

tial reaction. The product would correspond 
to II but as free tons I ption spectrum of this secondary product would be 
expected to even more closely resemble that of a “Meisenheimer” compound than 


adduct (II1) proposed for the initial product. This is not the case 


does the amine 


Furthermore, whereas s-trinitrobenzene in the presence of methoxide ion initially 


ristic of structure | (X H). further reaction causes 


gives a spectrum characte 


fundamental changes in the spectrum within a few minutes of mixing.™ If the meth- 


oxide adduct of s-trinitroben ; so unstable in solution, it is possible that any 
amide ion adducts are also ut The situation may be further complicated by 


solvolysis 
NR, + EtOH — EtO NR,H (R = alkyl or H) (4) 
with consequent attack by the ethoxide ion. This is probably of major importance in 


the secondary reaction of tertiary amines with s-trinitrobenzene in ethanol where 


amide ions cannot be formed by autoprotolysis. The spectrum of triethylamine and 


s-trinitrobenzene in ethanol after one hour closely rese 


benzene in ethanol after a comparable ume The attack by ethoxide ion may also be 


a significant competing reaction with ammonia, or a primary OT a secondary amine 


mbles ethoxide and s-trinitro- 


and s-trinitrobenzene. The nature of this secondary product of s-trinitrobenzene and 


aliphatic amine (or ethoxide) remains unsolved 


Il. Chloroform solutions 
Chloroform was chosen as a relatively inert solvent. Although in this role, 
chloroform is not as suitable as a paraffin as exemplified by the non-ideality of 


“J A.A. Ketelaar. A. Bier and H. T. Viaar, Rec. Trav. Chim. 73, 37 (1954) 
1 J. Weiss, J. Chem. Soc. 245 (1942) 
*%R E. Miller and W. K. F. Wynne-Jones, Nature, Lond. 186, 149 (1960) 
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They report that the free radical concentration slow 3 
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amine-—chloroform solutions; nevertheless, because of the low solubility of s-trinitro- 
benzene and of the products formed in paraffins, particularly at low temperatures, 
chloroform was selected. 

The absorption spectrum of s-trinitrobenzene in chloroform solution differs 
considerably according as to whether it is determined in the presence of ammonia, a 
primary, a secondary, or a tertiary amine. In the presence of ammonia or methylamine 
the spectrum remains virtually unaltered over a period of thirty minutes and shows 
maxima at ca. 450 and 545 my (Fig. 6). With ethylamine, a similar initial spectrum 
is observed, but the absorption in the region 520 my increases relatively quickly 
(Fig. 7). In the presence of the secondary amines dimethylamine and diethylamine, 
chloroform solutions of s-trinitrobenzene show only one maximum at ca. 500 my 
he intensity of this band increases rapidly with time, with some shift in wavelength 
(Fig. 8). With trimethylamine in the presence of s-trinitrobenzene no maximum is 
observed above 380 mu. On mixing triethylamine with s-trinitrobenzene in chloro- 
form at 50°, one transition is observed (469 my), but at room temperature, or with 
the cold solution on standing, a second band (573 my) appears (Fig. 9). It is possible 
that in the case of the secondary amines there may be two maxima, but which are 
nearly coincident. This would account for the shift in the wavelength of the observed 
maxima with time if the two bands developed at different rates. With all the amines, 
the initial spectra with s-trinitrobenzene intensify on cooling 

These spectra could be interpreted as representing the products of two reactions: 
(a) a fast reaction giving rise to the sharper, usually higher energy band A; (b) a 
second reaction, also fast when either ammonia or a primary amine is the reactant, but 
observably slower with secondary or tertiary amines, resulting in the broader, usually 
lower energy band B 

Kinetic measurements of a fast reaction between diethylamine and s-trinitro- 
benzene in ether—acetone solution have been made by Allen et a/.'’ They have shown 
the reaction to be fast even at — 100°. We had concluded from previous work' that 
there is an initial fast reaction from the extrapolation of optical density with time to 
the time of mixing. This always resulted in a significant optical density at wavelengths 
at which neither component alone absorbed. It was tentatively suggested that this 
might be the result of intermolecular charge-transfer complex formation. Such a 
charge-transfer band might correspond to band A. Nevertheless there appears to be 
no correlation between the ionization potentials of the amine molecules and the 
frequencies of the A-band, whereas a linear correlation is often observed in the case 
of charge-transfer complexes. However, as stated above, there is no direct theoretical 
expectation of such a relationship. Furthermore it would be unwise to predict the 
position of such a charge-transfer absorption band from the ionization potential of 
the donor. An example of the breakdown of the relationship is shown in the complex 
of triethylamine and iodine, which has been assigned to the class of charge transfer 
complexes by Nagakura.'* From the charge-transfer spectra of iodine complexes 
quoted by Hastings er a/.,'° one would expect the band of the iodine complex of 
triethylamine (Ip = 7-50 +- 0-02 ev)” to be about 3 


7 


5 my, based on a linear correlation 


7 C. R. Allen, A. J. W. Brook and E. F. Caldin, J. Chem. Soc. 2171 (1961). 

1*S. Nagakura, J. Amer. Chem. Soc. 80, 520 (1958) 

%S. H. Hastings, J. L. Franklin, J. C. Schiller and F. A. Matsen, J. Amer. Chem. Soc. 75, 2900 
(1953) 

2° K. Watanabe and J. R. Mottl, J. Chem. Phys. 26, 1773 (1957) 
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of ionization potential and frequency of the charge-transfer band, or about 330 mu 
on the Hasting ef a/. relationship, whereas the measured band is at 278 mu. 

On the above basis the second band B would result from a second product formed 
more slowly. This type of interaction, involving the immediate formation of a charge- 
transfer complex which precedes or is concurrent with a second reaction, has also been 
suggested by Ainscough and Caldin* for the reaction of methoxide ion with 2,4,6- 
trinitroanisole. A similar scheme has been proposed for the interaction of iodine 


Wovelength 


Fic. 9. Absorption spectra of s-trinitrobenzene—triethylamine in chloroform at 20 


Times after mixing: (1) 6 min (2) 16 min (3) 26 min (4) 36 min 


with nitromethane in carbon tetrachloride solution.** We think it is unlikely that 
band A can be assigned as a charge-transfer transition. This does not deny the 


possibility of such a mechanism. Part of the visible absorption may be the result of an 


extended shoulder of a charge-transfer band which has a maximum in the ultra-violet. 

Previous work! had shown that the stoicheiometry in chloroform solution was 
three amine molecules to one s-trinitrobenzene, providing the amine molecule is 
small. Apart from the possibility of charge-transfer complexes, it was suggested that 


#1 J. B. Ainscough and E. F. Caldin, J. Chem. Soc. 2528 (1956) 
22 P. A. D. de Maine and W. C. Ahlers, J. Chem. Soc. 211 (1960). 
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the product had a structure IV (for example, with methylamine), whereas for bulky 
amines the ratio amine: s-trinitrobenzene is 1:1 corresponding with III. 


+ 


NR, 


Iv 


Cuta and Pisecky” have proposed a structure similar to IV for the product formed 
from s-trinitrobenzene and hydroxide ions in concentrated aqueous sodium hydroxide 
solution, but have suggested that this should be colourless because of lack of classical 
canonical structures. It is unlikely that the successive spectra can be explained in 
terms of successive equilibria in which such complexes as III and IV are formed thus: 


A +B—AB (2): AB+ B= AB, (3); AB, + B= AB, (4) 


in that development occurs even in Cases where the ratio of the components in the 
complex is | |. i.e. where reactions (3) and (4) could not occur. 
Although it is possible that species corresponding to IIL or IV (depending on the 


particular amine) are formed initially, the close resemblance of the initial spectra of 


ammonia or primary amines with s-trinitrobenzene in chloroform (i.e. band A plus 
band B) compared with the same systems in ethanolic solution suggests that the same 
species are involved, irrespective of the solvent, namely |: 1 complexes of structure III. 
If only one amine is covalently bonded to the s-trinitrobenzene molecule, it suggests 
that in chloroform solutions involving small primary or secondary amines where the 
overall ratio of amine to s-trinitrobenzene is 3:1 the two extra amine molecules 
stablize structure III by solvation. This would also explain why successive equilibria, 
as expressed by equations 2-4, are not observed. The more limited hydrogen bonding 
of the adduct III in the presence of an excess of a secondary amine, and its absence 
with tertiary amines may to some extent explain the difference between these spectra 
and those in which the adduct is solvated by ammonia or a primary amine In chloro- 
form solution, or any of the aliphatic amine s-trinitrobenzene adducts in ethanol 
solvated by the solvent 
EXPERIMENTAI 


Ethanol. Absolute alcohol, stirred with silica gel for 12 hr, then fractionated 

Chloroform AnalaR” chloroform was washed 8 times with equal volumes of water to remove 
the ethanol. dried over calcium chloride, then refluxed over phosphoric oxide and finally distilled 

s-Trinitrobenzen Recrvstallized 4 times from ethanol then twice from carbon tetrachloride, 
m.p 123 

Methvlamine. ethylamine, dimethylamine and trimethylamine. These were prepared by dropping 
concentrated aqueous solutions of the recrvstallized hydrochloride salts on to solid sodium hydroxide, 
and the gaseous free bases, dried through a 4-ft column of sodium hydroxide were absorbed in the 
appropriate solvent, o1 liquified ina trap cooled with acetone solid carbon dioxide The bases were 
protected from atmospheric carbon dioxide by soda-lime tubes 

Diethylamine. Purified by fractional distillation 

Triethylamine. Purified by Hinsberg’s method,** followed by distillation 


°F. Cuta and J. Pisecky, Coll. Czech. Chem. Comm. 23, 628 (1958) 
* A. I. Vogel, A Textbook of Practical Organic Chemistry p. 650. Longmans, London (1956). 
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Analytical. Solutions were ~10~* M with respect to s-trinitrobenzene and 0-1-1 M with respect to 
the amines. Spectra were measured using a CF4R Optica recording spectrophotometer. Measure- 
ments at room temp were made on solutions in 10 mm fused silica cuvettes, low temperature measure- 
ments were made in all-Pyrex, permanently evacuated version of the vacuum jacketed cell described 


by Passerini and Ross.*° 
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observed even at pH ca. 5, even when the equilibrium concentration of form I under 
such conditions is extremely low. The four-electron waves corresponding to (C), 
observed at pH above 7, are pH-independent. Their half-wave potentials are best 
suited for the study of effects of substituents R' and R*. Using such values we were 
able to show® that meta- and para-substituents on the phenyl rings in 3-phenyl- and 
3,4-diphenylsydnones follow the modified Hammett equations.*:? Thus such sub- 
stituents exert primarily polar effects. For sydnones in which R! and R? were different 
alkyl, aryl, and other groups, we were able* to prove the validity of the modified Taft 
equation.*-* Based on E,,,-o* plots we could distinguish} that whereas the phenyl 
group on C-(4) exerts only a polar effect, the phenyl group on N-(3) shows both a 
polar effect and a resonance interaction with the sydnone ring 

On the other hand, up to the present there is little evidence in the literature for the 
effects of substituents on the ultra-violet spectra of sydnones. The spectra of six 
sydnones, of quite diverse types, were published by Earl ef a/.° These showed that the 
general shape of the spectrum of 3-phenylsydnone was not greatly altered in 3-p- 
bromophenylsydnone and 4-bromo-3-phenylsydnone, although the extinction coeffi- 
cients are enhanced 

The spectra of three of the aforementioned sydnones (phenyl-, benzyl- and 
diphenylsydnones) were published by Baker er a/.,"” as well as that of 3-cyclohexyl- 
sydnone. These authors pointed out that as this last is a true alkylsydnone, and as 
interannular conjugation in 3-benzylsydnone is prevented by the methylene group, 
the band at 292 my which both exhibit must be due to the sydnone ring. A conjugation 
shift in 3-phenylsydnone was pointed out, as well as the appearance of a small extra 
band at 238 my, identified as arising from a shift in the ethylenic absorption of the 
benzene ring. The much greater displacement of the sydnone band (to 333 my) in 
3,4-diphenylsydnone was explained as being due to the extra conjugation arising from 
the presence of a third aromatic ring 

The published spectrum of 4-bromo-3-phenylsydnone shows somewhat less con- 
jugation than the parent compound, or the isomeric p-bromophenylsydnone, but in 
the present paper we restrict ourselves to the discussion of the effects of alkyl groups 
in the ortho and C-(4) positions in 3-phenylsydnone, and some effects of ring formation 


on polarographic half-wave potentials and ultra-violet spectra 


EXPERIMENTAI 


Substances. 3-Phenylsydnone and 4-methyl-3-phenylsydnone was kindly presented by J. C. Earl 
(Thurltos Eng and), 3-0o-methoxy- and 3-o-ethy | visydnone by R. A. Eade (School of Applied 
Chemistry, Sydney) and 3 methoxy- and 3 mett yphenvisydnone by Farbenfabrik Bayer A. G 
(Leverkusen) }-Methy $-7n-Lolyl 3-o0-tolyl vipheny +-methyl-3 toly 4-methyl-3-p- 
tolyl, tetrahydr pyridojc}-, and were 


prepared by the methods of Hammick et ai 


* Assuming that the value of c* oun 0.60 given by Taf i Quantitative measu of the polar effect 
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Effects in Organic Chemistry. John Wiley, New York (1956) 


* J.C. Earl, R. J. W. Le Fevre and I. R. Wilson, J. Chem. S Suppl. 105 (1949) 
W. Baker. W. D. O | \ D. Poo Chen 5 410 (1949) 
 D. Lil. Hammick, A. M. Roe and D. J. Voaden, Chem. & Ind. 251 (1954) 
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Polarographic results are summarized in Figs. 1-3 and in Table |, and the spectro- 
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We shall first discuss the rdle of the effect of alkyl substitution at the ortho position 

of the phenyl ring in 3-phenylsydnone. In both this sydnone and 4-methyl-3-phenyl- 
sydnone the substitution of o-alkyl groups on the 3-phenyl ring causes a shift of half- 


wave potentials towards more negative potentials. If this shift were due to the polar 
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Fic. 2. Polarographic curves of substituted 4-methylsydnones 
10 M Sydnor 0-1 M NaOH (1) 4-Methyl-3-pheny vadnone (2) 4-methyl-3-p 
tolylsydnone (3) 4-methyl-3-(2’,6’-xylyl)-sydnone. Curves starting at 1-0 V, S.C.E 200 


mV/absc, h 


| 
H, 
N 


Fic. 3. Effect of ring closure on polarographic curves of sydnones 
10-° M Sydnone in 0-17 M NaOH. (1) 3-Methylsydnone; (2) tetrahydropyridofc]syd- 
none. Curves starting at 1-0 V ,S.C.E., 200 mV/absc, h 65 cm, sens. 1:10 


effect of the alkyl group only, it would be very approximately of the same order of 
magnitude as a shift caused by the same substituent in the para position.!* For the case 
of 3-phenylsydnone, the value of the half-wave potential of 3-p-tolylsydnone was not 
available. As the half-wave potentials of m- and p-substituted sydnones follow the 


modified Hammett equation,’ the value for the shift of half-wave potential caused by a 


** P. Zuman, Dr. Sc. Thesis, Czechoslovak Academy of Science, Prague (1959). 
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TABLE 1. HALF-WAVE POTENTIALS OF 5 10°-* M SYDNONES IN 0°17 M NaOH 


RT 
(V vs. SCE) ant 


3-Phenylsydnone 1-21 0-060 
3-0-To visydnone w 0-061 
thylphenylsydnone 1-30 0-060 


3-0-Methoxyphenylsydnone 1:26; 0-050 


1:25 0-056 
3-p-Methoxyphenylsydnone 1:25, 0-051 
4-Methyl-3-phenylsydnone 1:35 0-058 
4-Methyl-3-p-tolylsydnone 0-061 


thoxvphenvisvdnone 


0-058 
0-062 


0-065 


0-060 


0-060 


tuted and parent compound 


Fic. 4. Absorption spectra of sydnone derivatives 
(1) 4-Methyl-3-p-tolylsydnone; (2) 4-methyl-3-o-tolylsydnone; (3) 4-methyl-3-(2' 6’-xylyl) 
sydnone, (4) tetrahydropyrido{c]sydnone; (5) 3-methylsydnone. 
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m 
Fic. 5. Absorption spectra of sydnone derivatives 
(1) Dihydroquinolino{1’,2’-c]sydnone; (2) 3-phenylsydnone; (3) 3-m-tolylsydnone; (4) 3- 
o-tolylsydnone identical with 3-o-ethylphenylsydnone. 


p-CH, group can be computed as AE, . = p, pdx = 0°18 0-17 0-03 V. The 


observed shift (—0-08, V) for 3-0-tolyl-sydnone (Table 1) is thus substantially greater 


than that predicted for the polar effect alone. It is supposed that this excessive 
influence, causing a more difficult reduction, can be explained by the steric hindrance 
of co-planarity. In 3-phenylsydnone, besides the polar effect of the phenyl ring on the 


reducibility of the sydnone, there is a resonance interaction between these two rings.* 


Such an interaction (not detected‘ for the phenyl group in position 4) causes a shift of 
the half-wave potential to more positive values. If this interaction is at least partly 
hindered by the bulky ortho-substituent, a shift of the half-wave potentials towards 
more negative values is to be expected, in accordance with the observed value (Tablel1). 
Similar effects of steric hindrance of co-planarity on polarographic half-wave poten- 
tials were observed earlier for nitro™.!> and azo-compounds.” 

The quantitative measure of the steric hindrance of co-planarity is the difference 
between the observed shift (—0-08, V) and that computed for the polar effect only 


14 M. Fields, C. Valle and M. Kane, J. Amer. Chem. Soc. 71, 421 (1949). 
48 Ch. Prevost, P. Souchay and Ch, Malen, Bull. Soc. Chim. Fr. 18, (5), 714 (1951). 


4-0 
\ 
= 
q 
Cry Na K2 
a 
4 ‘ 
35 
\ 
3 
4 
7 
o 
\ 
\ 
‘ 
2:2 5 
200 250 300 350 


136 P. ZUMAN and D. J. VOADEN 


(—0-03 V). This difference (—0-05, V) thus expresses the diminution of resonance 
interaction between the sydnone and phenyl rings due to the steric effect of the ortho- 
substituent. This value is smaller than the value of —0-10 V deducted for the resonance 
contribution of the 3-phenyl group obtained’ from the deviation from the Taft 


equation (i.e., by a completely different method). This is in agreement with the fact 


that not all the resonance interaction need be removed by the steric hindrance 

On the other hand, introduction of a methyl-group in position 4 into 3-phenyl- 
sydnone exerts only a polar effect on the half-wave potentials. This was proved by the 
fact that the half-wave potential of 4-methyl-3-phenylsydnone fits well the modified 
Taft equation for other 4-substituted-3-phenylsydnones.* No steric hindrance of 
co-planarity of the sydnone and 3-phenyl ring could thus be detected for 4-methyl-3- 
phenylsydnone 

[he effects of ortho substituents on the phenyl ring in 4-methyl-3-phenylsydnone 
can be handled as for 3-phenylsydnone. Here the shift due to the p-CH, 1s available 
experimentally from the difference of half-wave potentia s of 4-methyl-3-phenylsydnone 
(—1-35, V) and 4-methyl-3-p-tolylsydnone (— 1-38 V). Its value is thus —0-02, V for 
one and 0-05 V. for O O-l ethyl! groups The observed shift of 0-10. \ for the 
2,6-xylyl-derivative gives, after subtraction of the polar contribution, the value 

0-05. V. for the shift due to the steric hindrance of resonance, in exact agreement 
with the value found for 3-phenylsydnone. The effect of the 4-methyl group on the 
value of the reaction constant p* , in the modified Taft equation* has not been deter- 
mined so far, and so an estimation of the resonance contribution from free energy 
relationships cannot be performed here 

lhe coincidence of the value of half-wave potentials for 3-0-tolylsydnone and 3-o0- 
ethylphenylsydnone can be explained by supposing that the relative steric orientation 
of both rings is about the same in both compounds. The lengthening of the alkyl 
chain thus does not cause any substantial further distortion. According to the modi- 
fied Hammett equation*:* the polar effects of the methyl and ethyl groups included in 
the observed shifts cause practically the same increments of the shifts of half-wave 
potentials in this case. Thus the increment due to the steric hindrance of co-planarity 
for 3-0-ethylderivatives is about the same as that computed for 3-o-methyl 

A further argument for the role of the steric hindrance of co-planarity is the polaro- 
graphic behaviour of 3’,4’-dihydroquinolino{1’,2’-c]sydnone. This compound shows a 
substantial shift of the half-wave potential to more positive values in comparison with 
the values for ortho alkyl substituted 3-phenylsydnones. The value of the half-wave 
potential for this compound with its closed ring is similar to that of 3-phenylsydnone, 
the difference being of the order of the polar effect of an alkyl group borne by the 
phenyl ring only. It is thus supposed that in 3’,4’-dihydroquinolino[1’,2'-c]sydnone, 
the relative positions of the sydnone and phenyl rings (permitting the resonance 
interaction) are closer to the arrangement in 3-phenylsydnone than in 3-o0-ethyl- 
phenylsydnone. 

Contrary to the findings with 3-o-methyl derivatives no substantial hindrance of 
co-planarity could be detected for 3-0-methoxy- and 3-o-ethoxyphenylsydnones. The 
alkoxy substituents exert practically only a polar effect, as shown by the coincidence of 
their half-wave potentials with that for 3-p-methoxyphenylsydnone (Table 1). This can 
be explained by flexing of the side chain further away from the 3-phenyl group per- 
mitting a preferable configuration without influencing the co-planarity 
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The ultra-violet spectra are in complete agreement with these findings. The substi- 
tution of a methyl group in the meta position, producing 3-m-tolylsydnone (Fig. 5), or 
in the para position, as in 4-methyl-3-p-tolylsydnone (Fig. 4), influences very little the 
character of the spectra of the parent compounds lacking these methyl groups. On the 
other hand, the presence of ortho-methyl groups in 3-o-tolyl-, 3-0-ethylphenyl-, and 
4-methyl-3-o-tolylsydnones causes a decrease in the extinction of the absorption band 
at 260 my (in 3-phenylsydnones) or 240 my (in 4-methyl-3-phenylsydnones). However, 
the position of the band occurring at the longest wavelength 1s little affected by substi- 
tutions in the phenyl ring. 

Paralleling the polarographic findings, the spectroscopic behaviour of 3’,4’- 
dihydroquinolino[1',2’-c]sydnone resembles much more that of 3-phenylsydnone than 
that of 3-o-alkylphenylsydnones. Thus in this case the spectra offer another proof that 
the interaction of the phenyl and sydnone rings, lessened by ortho-alkyl groups, is 
restored by ring formation. 

Furthermore, in accordance with polarographic findings, the spectra of 3-o0- 
tolylsydnone and 3-o0-ethylphenylsydnone are almost identical (Fig.5). 

Another parallel between polarographic curves and spectra is seen when the beha- 
viour of 3-phenyl-, 3-0-tolyl-, 3-benzyl, and 3-methylsydnones are compared (Figs. 4 
and 5). Polarographic half-wave potentials are shifted towards more negative values 
in the sequence given. In this same sequence, the extinction coefficients in the range 
220-260 my also diminish (Figs. 4 and 5). The behaviour of 3-0-tolylsydnone both in 
polarographic and spectral properties lies between that of 3-phenylsydnone and 3- 
methylsydnone, and closely resembles that of 3-benzylsydnone, where actually only 
the polar effect of the phenyl group can exert its influence on the sydnone ring 

Comparison of scale models gave further support for the steric hindrance of co- 
planarity. Using the angles and dimensions indicated by I arl'® and enlarging them to 
a scale of 1 cm per A, wooden models of sydnone rings were made according to the 
suggestions of Harrell and Corwin.'’ These were then used in conjunction with 
commercial *“‘Catalin”’ models. 

For 3-phenylsydnone, a flat model (though with the possibility of a twist from 
co-planarity) can be constructed, as well as for 3’,4’-dihydroquinolino[{1’,2’-c]sydnone 
The flat configuration achieved with the latter model can be taken as a strong indication 
that the —-CH,CH,-bridge holds the benzene and sydnone ring in a co-planar con- 
figuration. 

A model of 3-(2’,6’-xylyl)-4-methylsydnone illustrates well the great twist between 
the two aromatic rings, the angle between the rings at the point of closest approach 
being roughly 40°. 

It remains to discuss the effect of ring formation in tetrahydropyrido[c]sydnone 
(Fig. 3 and 4). The six-membered ring cannot be assumed to be planar, and thus the 
Mills-Nixon effect'* cannot be expected to operate (cf.""). In accordance with this 
assumption, both the ultra-violet spectra and the scale models show that there is little 


difference between tetrahydropyrido[c]sydnone and alkylsydnones. 


% J.C. Earl, Chem. & Ind. 1284 (1953)."” B. Harrell and A. H. Corvin, J. Chem. Educ. 32, 186 (1955) 
B. Harrell, A. H. Corvin, J. Chem. Ed. 32, 186 (1955) 

17@ Recent crystallographic studies by H. Barnighausen, F. Jellinek and A. Vos [Proc. Chem, Soc. 120 (1961)] 
detected a small twist of 27°, in agreement with our conclusior 

1s W. H. Mills. I. G. Nixon, J. Chem. Soc. 2510 (1930) 

Zuman, Chem. Listy 48, 94 (1954). 
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However, polarographic measurements show that whereas the ring formation does 
not exert any effects of the type derived from steric hindrance of co-planarity, there is 
some influence from polar and steric strain forces. For this purpose, we shall compare 
the values for 4-methyl-3-phenylsydnone (— 1-35, V) with that for 3',4’-dihydro- 
(— 1-23 V). As was shown in a previous paper* and men- 
tioned here on p.136 the effect of the 4-methyl group is primarily not an effect on the 
co-planarity of the phenyl and sydnone rings, but a polar effect of this group. Thus in 
both compounds compared, the phenyl and sydnone rings being more or less co-planar, 
the ring formation causes a decrease of the influence of the 4-alkyl group 

A similar comparison can be done for 3,4-diethylsydnone, which should be 
compared with tetrahydropyrido[c|sydnone (—1-56 V). For the first substance, the 
value of the half-wave potential is missing, but we can compute it: we shall first 
derive the value for 3,4-dimethylsydnone. The effect of substituents is principally 
additive.*:'* We can thus compute the shift due to a 4-methyl substitution in a sydnone 
ring, and add this shift to the value for 3-methylsydnone (— 1-49. V). The values for 


(AE, cy are 


3-phenylsydnone 
4-methyl 3-phe nvisvdnone 


visydnone 

4-methyl-3-o-tolylsydnone 

group 

Thus the mean shift due to a 4-methyl substituent can be taken as —0-14 V and the 
calculated value for 3,4-dimethylsydnone is 1-63. \ As both the values of the 
reaction constants p_, for 3-substituted sydnones (0-24 V) and for 4-substituted 
sydnones (0-22 V) are sitive and of the same order of magnitude‘ the shift due to the 


change from 3,4-dimet! 0 3,4-diethylsydnone is about nI¢.y.,1.€.,2 X 023 


0] 0-04 V. The value of the half-wave potential for the 3,4-diethylsydnone can 
thus be expected to be about 1-68 \ 

The value (— 1-56 V) found for tetrahydropyrido[c]sydnone is thus again more 
positive than that computed for the corresponding compound with an open ring 
{ V) 

The shift (0-12 V) due to the ring closure is of about the same order as with the 
quinoline derivative (-+-0-12, V) 

Whereas the influence on redox potentials of a ring condensed with a quinoid 
system has already been discussed clsewhere,"” we know so far of only one example of 


the con parison of the influence of alkyl substituents on a reducible ring with the effect 


of a condensed hydrogenated six-membered sing. In quinoxaline and 5,.5-benzo- 


quinoxalines™ substituted at position 2 and 3 with a tetramethylene chain, the ring is 
reduced at about 0-05 V more positive potential than the corresponding 2,3-dimethyl 
compound. The direction of the shift due to the polar and steric strain effects involved 


in the ring formation is thus the same as that observed with sydnones 


** R. Curti and S. Loccl dan. Chim. 45, 1244 (1955) 
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Abstract—The OH proton resonance spectra of tertiary alcohols related to 3-buten-1l-ol and phenethyl 


ilc lin carbon tetrachloride have bee me I wide range of concentration at 56-4 Mc/sec 

The resonance p n rises steadily to the higher appliec ignetic field on dilution, owing to the 

dissociation of the associated alcol The che fts at infinite dilut 1 (0,), Which are obtained 


mnomer, 


are 


cr cteristic lor the respective leoh« The res S are discussed wit reference to the data from 
the fra-red spectroscopy and the 0, of the hydroxyl gro p teracting th the ethylenic and the 
benzene elect btained as 3-19 and 3-50 parts per million, respectively, from the proton 
of ter used ¢ 1. 7 ce vy be attributed either to the higher basicity 
of the etnhvienic c ” is « » the dlamagnetic effect DY the ring current ol the phenvl group 


THe effect of hydrogen bond on the OH proton resonance spectrum has extensively 


been recognized' in such systems as the self-association and the solvation of the 


hydroxylic compounds including alcohols,* phenols*® and carboxylic acids.* As to the 


latter effect, it is also known that aromatic and olefinic hydrocarbons show a special 


solvent effect,” i.e., shifting the OH proton resonance just as the ordinary hydrogen 


acceptor Recently, Reeves et a/.° have extended their study to a number of the 


intramolecular hydrogen bond systems and found a linear correlation between the 


nuclear shielding parameter and the O—H stretching frequency (¥_4,) 
Little is known, however, of any effect on the NMR spectrum of the intramolecular 


interaction between the hydroxyl group and the z-electrons, which may also give rise 


to a different magnetic shielding of the hydroxylic proton from that of the free one. 


In this connection, the study was undertaken to explore the effect of the interaction 


on the proton resonance spectra of tertiary alcohols related to 3-buten-l-ol (1) and 


th 


phenethyl alcohol (II). These two compounds are known to bear the afore-mentioned 


interaction and are composed of two molecular species respectively; one has the 


CH, CHCH,CR,OH CH, = CHCH, PhCH,CR,OH PhCH, 


HOCR HOCR 


free hydroxyl group (f), and the other the hydroxyl group interacting with z-electrons 


* Part XII of “Intramolecular Interact between Hydroxyl Group and 7-Electrons”. For a preliminary 
see part XI; M. Oki and H. Iwam B Chem. S J 33, 1632 (1960) 
J. A. Pople, W. G. Schneider and H. J. Bernstein, High Resolution Nuclear Magnetic Resonance p. 400 


ELE. D. Becker, t Lidde iJ. N. Shooler TM Spectros. 2, 1 (1958) 

C. M. Huggins, G. C. Pimentel and J. N. Shooler 1, Pi Chem. 68, 1311 (1956) 
* J. C. Davis, Jr., and K. S. Pitzer, J. PA Che 64, 886 (1960) 

L. W. Reeves and W. G. Schneider, Canad. J. Chem. 35, 251 (1957) 

L. W. Reeves, E. A. Allan and K. O. Stromme, Canad. J. Chem. 38, 1249 (1960) 
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intramolecularly (/). Examples were chosen so that the most quantitative data on the 


equilibrium between the two forms were provided from the infra-red spectroscopy 


As the strength of the intramolecular interaction between the hydroxyl group and 
w-electrons (0-90 kcal/mole for allyidimethylcarbinol and 0-54 kcal/mole for benzyl- 
dimethylcarbinol’) is fairly weaker than that of self-association (~5 kcal/mole).° the 


h 


former interaction can not be studied with the samy { pure liquid or medium 


concentravion in non yn, where no dimet SsUrVIVeS. 


in wide range of concentra- 


Thus, variation o! 
tion in carbon t terest was concentrated to 
the chemical shifts at infinite dilution he u tained are discussed with special 

nd that there is a good agree- 


relerence 


ment an 


EXPERIMENT 
NMR Sp 


n TR-I11 
Rec rder 
inds and read 
1to water 
idopting the 


med to be 


additive 


where x represent 


Purity of th mpl ud ti ivent ihed in the former publication 


TABLE VOLUME SUSCEPTIBILITIES EMPLOYED FOR THE CORRECTION 
Alcoho Alcohol 


EtCMe,OH PhCH.C Me,OH 
CH,--CHCH.C Me,OH (PhCH,).CMeOH 
(CH,—CHCH,).CMeOH (PhCH,),COH 

(CH CHCH,),.COH PhCH 
CH,--CHCH,CH,.C Me,OH 


* The al ire directly measured tl 4 uoy n ul and th ts computed with 


use of 


RESULTS AND DISCUSSION 
In Figs | and 2 is visualized the concentration dependence of some of the OH 
proton peaks, together with the resonance lines of three kinds of CH protons. The 
latter shift by less than 0-5 p.p.m. from the pure liquid to the infinitely dilute solution 


* M. Oki and H. Iwamura hem c. Japan 33, 1600 (1960 

*R. Mecke, D da 

* Jj. T. Arnold and M. I ackard Chen bys. 19, 1608 (1951) 

*° J. A. Pople, W. G. Schneider and H. J. Bernstein, High Resolution Nuclear Magnetic Resonance p. 80, 
McGraw-Hill, New York (1959) 
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even after the correction of bulk susceptibility. Methyl and methylene protons show 
little variation (—0-2 ~ 0 p.p.m.), while phenyl proton shows a little but distinct 
deshielding (—0-5 p.p.m.) and vinyl proton, to the contrary, becomes slightly shielded 
(+-0-1 p.p.m.), on dilution. 

The OH proton resonance, unlike these, shows a salient concentration dependence 
as is finely illustrated in rather dilute solution (Figs. 3 and 4). In general, the 
chemical shift moves gradually to higher magnetic field on dilution and at about 0-02 
mole fraction the reversal of curvature is observed. The tendency is indicative of a 
system consisting of monomer, dimer and high polymer, and the concentration 
dependence reflects changes in the relative amount of these molecular species.’ In 
pure liquid aliphatic alcohols show the lowest proton shielding corresponding to the 
almost associated and the least shielded OH proton. Aromatic alcohols have their 
resonance peaks at higher field than the former, being understood from the steric 
hindrance for self-association’ and the net ring current diamagnetism."' Tribenzyl- 
carbinol does not seem to associate in the measured concentration range, where the 
sample can be dissolved in carbon tetrachloride at 20°. The curves have all been 
extrapolated to infinite dilution and the chemical shifts (09) solely concerned with the 
pure monomer species of each alcohol obtained. These are listed in the first column 
in Table 2. Under these conditions, the alcohols related to 3-buten-1-ol and phenethyl 
alcohol are known to exist in an equilibrium between the free and the interacting 


forms, as is referred to in the third column in Table 2. The mole fraction of the 


TABLE 2. THE CHEMICAL SHIFTS OF THE OH PROTON AND THE COMPOSITION DATA AT 


INFINITE DILUTION IN CARBON TETRACHLORIDI 


Alcohol o(p.p.m.) \d_(p.p.m.) ),(p.p.m.) 


EtC Me,OH 3-39 0-00 0-00 


CH,=-CHCH.C Me,OH 0-28 
(CH,—CHCH,),CMeOH 3-50 0-43 0-58 19 
(CH,=-CHCH,),COH 3:37 0:56 0-77 3-20 


PhCH.CMeOH 3-75 0-18 0-43 3°51 
(PhCH.).CMeOH 3-60 0-33 0-79 3-5] 
(PhCH,),COH 3-49 0-44 1-00 3-49 


CH,—CHCH.CH,CMe,OH 3-92 0-01 0-00 
PhCH.CH.CMe.OH 3-93 0-00 0-00 


interacting form, x,, has been put to be equal to A,/(A,+-A,), where A, and A, represent 
the integrated intensities of the absorptions assigned to the free and the interacting 
Yo, respectively. It may be added that the different degree of the interaction, 1.e., 
different x,, in these alcohols has been shown’ not to depend on the different nature 
(different structure and energy) of the interaction, but on the statistical factor (proba- 
bility of the approach between the hydroxyl and the z-groups). In contrast with the 
infra-red spectra’ which show the doublet v»_,, bands which are separated 33-2 and 
21-4 cm~! for allyldimethylcarbinol and benzyldimethylcarbinol, respectively, NMR 
spectra of these are absolutely single. This must certainly be attributed to the short 


11 A. A. Bothner-By and R. E. Glick, J. Chem. Phys. 26, 1651 (1957). 
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lifetime of and the rapid exchange’ between, the free and the interacting forms of 


these alcohols in comparison with the frequency separation of the resonance as shown 
later. The single proton resonance is therefore observed at the field corresponding 
to the average shielding of the two forms as Is formulated in Eq. 3. Since t-amyl 
alcohol has no such intramolecular interaction at all, its 6, can be taken for the 


0 dA] - x) OX, (3) 


standard position of purely free tertiary hydroxyl group. t-Butyl alcohol has given 
the same chemical shift on the later measurement by the present authors, the con- 
centration dependence of which has already been reported.’ 2-Methyl-5-hexen-2-ol 
and phenethyldimethylcarbinol which carry 7-electrons at remoter position by one 
carbon atom from the hydroxyl group than 3-buten-l-ol and phenethy! alcohol 
respectively have been shown through the infra-red measurement not to possess the 
intramolecular interaction owing to their disadvantages in the entropy term. These 


two have also their 6, at 3°93 p.p.m. Assuming that 0, ts 3-93 p.p.m. for all tertiary 
alcohols, the left hand side of Eq. 4 becomes available for each carbi 101 and is added 


in the second column in Table 2 
) Op (4) 


Now, it 1s possil le to derive from Eq. 4 either x, or 6, when the other is known. 
x, in Table 2 from the infra-red measurement may directly be used for x, in Eq. 4. 
Strictly speaking, the equilibrium might be shifted in the magnetic field, but the 
1 


amount seems to be of negligible order.' 


rhe difference in the temperature at which 
both measurements were carried out must rather be taken into account, that 1s, the 
infra-red data were all obtained at 25°, while the magnetic measurements were made 
at 20° and would give somewhat distinct data at 25°." But the correction for this 1s 
superfluous, because x, put to be equal to A,/(A 4.) is only relative value, on the 
assumption that both intensities are proportional to the number of the molecules 
which have the same extinction coefficient 

6, obtained in this way are listed in the last column in Table 2. The OH proton 
having interaction with the ethylenic z-electrons precesses at 3-19 p.p.m. and at 0°74 
p.p.m. lower applied magnetic field, while that with benzenoid z-electrons has 6, of 
3-50 p.p.m. and is 0-43 p.p.m. less shielded, than the ordinary free tertiary hydroxyl 
proton (0 The good agreement within the respective type of the interaction supports 
the former conclusion from the infra-red spectroscopy that the nature of the interaction 
is the same in spite of the different x,. The differences between 4, and 6,’s are 0-74 and 
0-43 p.p.m., which amount to 42 and 24 c.p.s., respectively. Roughly speaking, the 
lifetime of each molecular species should be longer than ca. 10°* second, in order that 
OH resonance were to split into two peaks.” 

Two kinds of 6, may come out of their different nature of the interaction and may 
be accounted for from two reasons. Hydrogen bond shifts are shown®:"® to be 
proportional to Av,_,, empirically. Now that the ethylenic 7-electrons are stronger 
proton acceptors than the benzenoid ones, as is demonstrated by the greater Ary 
2H. S. Gutowsky and C. H. Holm, J. Chem. Phys. 25, 1228 (1956) 

‘SM. Saunders and J. B. Hyne, J. Chem. Phys. 29, 253 (1958) 
MAT 1/2%y(H? H,*) 10-* ergs/mole 2-4 10 cal/mole 


15 J. T. Arnold and M. E. Packard, J. Chem. Phys. 19, 1608 (1951). 
16 W. G. Schneider, in Hydrogen Bonding (Edited by D. Hadzi) p. 60. Pergamon Press, New York (1959). 
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and AE of the interaction, 6, of the former will naturally be expected to be less 
shielded. Two 0,’s are in the expected order and two points on the 6, — 6, versus AE 
or 6, — 6, versus Avp_,, diagram lie on a straight line passing through near the origin.® 
But it must also be taken into account that the benzenoid proton acceptor should have 
a ring current effect’’ in addition to the effect of the ethylenic acceptor.* Molecular 
model tells that OH proton in the interaction will situate in the paramagnetic region 
over the ring, and so some part of the exaltation in 6, should originate therefrom. If 
all bonds connecting the hydroxyl group to the phenyl were assumed to be in gauche 
(Fig. 5), p and z of OH proton in the formulation of Waugh and Fessenden'® and 


Pp 


Fi 


Johnson and Bovey’ might amount to 1-70 and 1-51, respectively, in units of the 


radius of benzene ring (1-39 A), using the ordinary bond lengths and bond angles,” 
and produce a paramagnetic effect of ca. 0-33 p.p.m.*", while all cis structure (p = 1-11 
and 1-34) would produce as large Ad, as 1-90 p.p.m.** Compared with the 
observed exaltation in 6, (0-3 p.p.m.), the latter structure may be rejected and the 


former structure is very likely to be the true one. Quantitative evaluation of the two 


factors remains unseparated. 


aut i na - I shiyuki ira and Professor 
Shizuo Fujiwa f their encouragement and valuable d ission, and hiro Yamaguchi 


for his technical guidance throughout this v 


* Since the treatment is strict nit » the difference | ntl nic and benzene acceptors and 
the formulation of the ring curre ffect by Jol ind Bovey’® al nvolves the difference, a term 
associated with the diamagnetic an p f the ethylenic doubl nay be neglected in the present 


discussion 


17 J. A. Pople, J. Chem. Phys. 24, 1111 (1956) 

18 J. S. Waugh and R. W. Fessenden, J. Amer. Chem. Soc. 79, 846 (1957) 

"% C. E. Johnson, Jr. and F. A. Bovey, J. Chem. Phys. 29, 1012 (1958) 

2° The following values were used: C-—C in benzene ring 1:39 A, Ph—C 150A, (¢ in the chain 1-55A, 
C—O 1:43A, O-H 0-94 A, C—C-—O 109° and C—O-—-H 106 

21 The authors are indebted to Dr. Johnson and Dr. Bovey who kindly sent the lt of calculations 
from which these values are obtained 
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REMARKS ON THE SPECIFICITIES OF THE PHOTO- 
CHEMICAL AND THERMAL TRANSFORMATIONS 
IN THE VITAMIN D FIELD 
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Abstract 


thus tar with regard to the main 


photoinduced—transformations 


The only re- 

cis trans 

the sterco- 

In this paper these 

d which may constitute a basis 


for understanding “acCLOl invoived in determining the course of the reactions 


\ The nature icai infermediatl 


As n po earlier experiment il indications for the occurrence of a 


tripict no phosphor ence was detected during illumina- 
tion of any o ympound L. T or P in glasses at low temperatures. All com- 


pounds (except P) ho ed uorescence spectra which can be attributed to transitions 


fron 


ate to various levels of the ground state 


in favour of the idea that the first excited 


argument 


singict states of the molecules function as the intermediates and that assumption of 


the occurrence of tripict states seems as yet unnecessary. The excited cis- and trans 
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isomers P* and T* are different in that they undergo ring closure to different products, 
i.e. mainly to ergosterol and to lumisterol, respectively. If triplet states (that are 
known to be rather long lived; ~10~° sec to several seconds) were intermediates, one 
could expect the differences between the rotational isomers P* and T* to have levelled 
off in the early period of their existence. The P* and T* particles, thus having “for- 
gotten” their configurationally different origin should give rise to the same products. 
The specificities observed seem to be more in line with the occurrence of a rather short 
lived intermediate as a molecule in the excited singlet state mostly is. On the other 
hand the lifetime of such a singlet state can still be sufficient (10-'°-10~ sec) to 
permit the occurrence of structural and configurational changes. Further experimental 
evidence for the hypothesis that excited singlet rather than triplet states function as 
the intermediates in these photochemical reactions, is still required. A study of the 
influence of substituting deuterium for hydrogen in the chromophoric part of the 


molecules may provide additional information on this point 


B. The photoc hemical ring closure of prec alciferol and tachysterol 


One of the problems arising from the analytical studies on the photochemical 
transformations of the cis/trans isomers P and T concerns the question of why T upon 
irradiation undergoes ring closure to L and not to E whereas photoexcited P yields 
E.- According to the investigations of Castells er a/.° L is configurationally the mirror 
image of E with regard to the atoms 9 and 10 between which bond formation occurs 
during ring closure Inspection of the various conformations of the ground states and 
the excited states of T and P affords a way of understanding the observed specificities. 

From Fig. 2 we see that the four (almost) planar conformations of T, that are 
interconvertible by rotation around the bonds (5,6) and (7,8), give rise to four 


different excited states. In the latter, rotation around the bond (6, 7) will be possible 


and rotation will be difficult around the bonds(5.6) and (7,8) which now have 
greater! double bond character It is clear that of those 4 stereoisomers only B* upon 
rotation around (6,7)—-will be able to transform into a cyclohexadiene derivative with 
a bond between C, and C,,. A* and B* may isomerize into the cis form, while C* 
and D* can only return to tachysterol in its ground state either with or without 
emittance of radiation.* Of course, the latter possibility is also open to A* and B* 
The first tentative inference from these considerations could be that the quantum 
yields for the conversions T —> P and T -+ ring closed isomer will not be high, the 
trans —» cis isomerization probably having a larger probability than the cyclization 
his is in harmony with the experimental data (Fig. 1). Upon looking more closely 
into the possibilities of ring closure for B* it becomes clear that the approach of atoms 
9 and 10 effected by rotation around (6,7) is such that the anti-orientation of the Cy, 
methyl group and the hydrogen atom at C, will necessarily result upon the formation 


of the bond between C(9) and C(10). Furthermore,examination of the two possibilities 


sroducts 


ciferol); 


race J tcTO! as 3 t photoproduct of precalcife | gave gative indications thus far 


J. Caste E. R. H. Jones, R. W. J. Williams and G. D. Meakins, Proc. Chem. Soc. 7 (1958); J. Chem 
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75, 1243 (1956) 


Chim 


4 
i 
* The following abbreviations will be used in this paper 1D vitamin D, (ereocalalimmmm tf 
ergosterol; | lumisterol P pre-ergocalciferol; T tachysterol,: X “over-irradiat 
Phe efforts to 
lL.c.1) bu : 
Trav, 


148 


HAVINGA and J. L. M. A. SCHLATMANN 


of approach for C(10) and C(9) teaches that the one resulting from rotation around 


(6. 7) in such a sense that C(10) attacks from above, will be sterically hindered, notably 
by the interaction of the two methylgroups (C(19) and C(18)). Rotation in the other 
sense and attack from below (‘rear attack’) does not encounter serious steric hindrance 


CH. R 


As the latter possibility leads to the formation of lum 
puzzling preferent 


sterol, the—at first sight 
r* is to be expected 


al formation of this tsome 


[he situation in the case of the pr 


irom 


recalciferol molecule is probably even more 
complex. In the ground state conformation x seems to be the relatively least hindered 
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one; / can exist only in a form dev lating considerably from planarity. Conformations 
derivable from forms C and D of tachysterol (Fig. 2) by rotation around (6,7) will 
hardly play a role. Both forms «* and 6* may—besides returning to unexcited P 


transform into T upon rotation around (6,7). However, formation of a cyclo- 


hexadiene derivative is possible only to /* that originates from conformation f, which 


is considered to be unfavourable on account of strong hindrance to planarity. The 


experimentally established small quantum yield for the ring closure reaction and the 


high quantum yield for the formation of T (Fig. 1) are therefore in accord with theoreti- 


cal expectation. For the same reason as in the instance of the excited tachysterol. 


cyclization of /* will result in a steroid having anti orientation of the methylgroup 


and the hydrogen atom at C(10) and C(9), respectively. However. the situation with 


/* derived from P is more complicated than with B* resulting from excitation of T. 


One may speculate here on the existence of two variants of # (and of 8*) originating 


from ring opening of ergosterol and of lumisterol, respectively (see below). It is 


difficult to deduce which of those two ‘enantiomeric’ forms of / predominates normally 


in precalciferol or which of the corresponding £* forms will be the most reactive in 


the cyclization reaction. Moreover, it has been argued®-* that a cis isomer like P—in 


contradistinction to the ‘rans isomer T—upon taking up a quantum of light gives rise 
i ‘ 


uch makes 


to a conlormation of the excited state of relatively high energy content w 


predictions of the specificity of ring closure still more difficult. Experimental results 


point to formation of E from excited P. At empts at theoretical deduction in this case 


lead to rather far fetched speculations and give no really pertinent indication why L 


could not also be formed. It is to be hoped that a careful analytical investigation into 


the formation or non-formation of L from P* will provide the factual basis necessary 


a fruitful discussion of this remaining question 


for 


C. Photor hemicai transformation of ergosterol, lumisterol. pyvrocaiciferol 


and isopyrocatcifero 


As has been mentioned before there is no special difficulty in understanding the 


photo induced opening of ring B of ergoste 


a reaction 
CH. 
CH. 
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commonly found with cyclohexadiene and cyclohexadiene deriv 


Che formation of the cis isomer precalciferol as the primary reaction product is to 


be expected according to the reaction path depicied in Fig. 4. Tachysterol is formed 
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secondarily from precalciferol.’ In relation to the discussion of the photocyclization 


of precalciferol (sub B) it is noteworthy that the ring opening of E and L should 


primarily yield two different conformations of P which might even prove to be 
relatively stable and non-interconvertible at low temperature. 

The two isomers pyro- and isopyrocalciferol having syn arrangement of the 
methylgroup and the H-atom at 10 and 9, respectively,” are photochemically cony erted 
into products that according to Dauben and Fonken" possess bicyclohexene structures 


as indicated for the 98, 10f (isopyro) series in Fig. 5 


Dauben and Fonken point out that formation of such a bicyclohexene derivative 
is difficult in the case of the anti isomers E and | The following consideration 
may give some suggestion as to why these compounds do not also form hexatriene 
derivatives. The syn arranged methylgroup and hydrogen at 10 and 9 respectively, 
will sterically hinder a mechanism of ring opening that is natural to excited E and | 
and whereby the atoms 10 and 9 separate smoothly, the one moving to a position 
in front of the molecule and the other to the rear side. On the other hand, the syn 
arrangement at 9 ; 10. together with the fact that bonds (5,10) and (8,9) form 
part of « vclohexane ring systems, will in the excited state favour relative movements 
of the atoms 5 and 8 and of the groups attached to these atoms in such a sense that 
e.g. in the isopyro series the ‘rear sides’ are oriented towards each other. The situation 
thus becomes favorable to the approach and bond formation between atoms 5 and 8, 
a process that is furthered by the symmetry characteristics of the orbital of the 
promoted electron in the butadiene system. Although it would seem rash to consider 
this qualitative reasoning as sufficient to explain the fact that photochemical ring 
opening does not occur to any detectable extent with pyro- and isopyrocalciferol™, 
it may indicate the line along which a more rigorous treatment could clarify the 


preference for formation of the bicyclohexene systems in the case of these syn sub- 


stituted cyclohexadiene derivatives 


D. The specificity of the thermal reactions of (pre)calciferol 
/ 


It has previously been suggested that the formation of pyro- and isopyrocalciferol, 
brought about by heating (pre)calciferol in a neutral medium at 150-200", starts 
from the precalciferol molecules (Fig. 6) ‘8 This assumption seems strengthened by 
the recent finding that in the case of a synthetic calciferol analog, w here the P = D 
equilibrium proved to be strongly in favour of the precalciferol form (cf. sub E), the 


change in the spectra upon heating indicated a smooth thermal cyclization." In order 


to understand why this thermal cyclization, in contradistinction to the photo induced 
ring closure leads specifically to the 9,10 syn compounds, one has to bear in mind 


1! W. G. Dauben and G. J. Fonken, J. Amer. Chem. Soc. 81, 4060 (1959) 

12 R. van Moorselaar, Thesis Leiden (1961) to be published 

18 A. Verloop, A. L. Koevoet and E. Havinga, Rec. Trav. Chim. 76, 689 (1957). 
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that here it is rotations around the bonds (5,6) and (7,8) that give rise to the con- 
formations in which bond formation between 9 and 10 may directly originate. It is 
tempting to look for an explanation of the observed stereospecificity in considerations 
analogous to those that have been used for the Diels-Alder diene synthesis. If one 


ind 
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HC 
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fer 


Pyroco 


Fic. 6. Formation of pyro- and isopyrocalciferol by thermal cyclization of precalciferol. 


postulates that the atoms 9 and 10 should approach each other in such a way that 
there is maximum overlap of the z electron clouds of the double bonds (10,5) and 
(8,9) it is seen (e.g. with the aid of molecular models) that only syn structures will 
result, 

As Prof. Oosterhoff pointed out, another factor that possibly contributes to the 
stereochemical difference between the thermal and the photo induced ring closure may 
be found in the symmetry characteristics of the highest occupied 7 orbital of the 
conjugated hexatriene system. In the photo excited state this highest occupied orbital 
is antisymmetric with regard to the plane that is perpendicular to the bond 6,7 


making ‘syn’ approach less favourable. 


Some remarks on the previtamin D = vitamin D reaction 


To complete the survey of results and ideas bearing on the various isomerization 
reactions in the vitamin D field, it is of interest to summarize briefly some of the data 


obtained with the study of two calciferol analogs of the formula represented in Fig. 7. 


HO 
Synthetic calciferol analogs 
R=Hor CH. 


Fic. 7. 


These synthetic compounds show the same remarkably smooth isomerization to 
the corresponding precalciferol analogs as is found with calciferol itself. A difference 
exists in that the equilibrium with the synthetic compounds lies farther to the pre- 
calciferol side; this may in part be due to the relatively greater entropy of the pre- 
calciferol analog. Furthermore, the features found with the calciferol = precalciferol 
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reaction could be corroborated and additional data were obtained. The reaction rate 
proved to be independent of the solvent, the presence of light, and the nature of the 
wall (glass or steel) of the vessel. It could not be influenced by acids or bases or a 
combination of acid and base nor could it be retarded by inhibitors that are known to 
affect free radical chain processes. From the variations with temperature of the rate 
constant of the first order reaction the energy of activation was calculated to be 18 
Kcal/mol and the activation entropy ~ —20e.u. Deuterium was not incorporated 
when a solution of calciferol acetate in a mixture of CH,OD and benzene was kept at 
70° for several hours. These data together with the fact that the isomerization ts found 


only with triene deri onfiguration at the central double bond, 
point to an intramolecular react hat occurs via a rigid cyclic transition state with 
simultaneous bond breaking and bond formation (Fig. 8). This mechanism ts essen- 
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Abstract—Simple molecular orbital theory is applied to the metal-ammonia reduction of aromatic 


hydrocarbons rhe theory is based on protonation at sites of highest electron density in the 
corresponding anions. Good agreement is observed between predicted and observed reduction 


products The reduction of the non-alternant | rocarbon fluoranthene takes an anomalous course 
that is not inconsistent with the theory. Evidence is presented to show that an initial dihydro- 
reduction product, 2,3-dihydrofluoranthene, undergoes a Michael addition by its conjugate anion to 
vield 1,2,2’,3,3’, 


INTRODUCTION 


IN liquid ammonia and in suitable ethers, aromatic hydrocarbons are known to be 


kali metals to the hydrocarbon radical anions and dianions: 


reduced reversibly by a 


ArH M = ArH M 


M 


(2) 


ArH M = ArH 


The radical anions have been thoroughly characterized by ESR studies;* both types 


of hydrocarbon anions have been identified by their electronic spectra.* The same 


Species are apparently also involved in polarographic reductions.**° Both the polaro- 


graphic half-wave potentials and the qualitative positions of the equilibria (1) and 


(2) correlate with the energies of the lowest vacant MO in simple MO theory; the 


less antibonding this MO is, the lower the polarographic half-wave potential® and the 
4 


higher the concentration of hydrocarbon anions in the equilibria 


The addition of proton donors to these systems provokes irreversible reactions 


leading to partially hydrogenated hydrocarbons. The synthetic utility of this mode 


of reduction has been recognized for some time;:’ such reductions are now frequently 


carried out with sodium and alcohol in liquid ammonia solution and are frequently 


referred to as Birch Reductions.*® There is little reason to doubt that the reaction 


! This work was supported by the United States Air Force through the Air Force Office of Scientific Research 
of the Air Research and Development Command, under contract number AF-49 (638)-105. Reproduction 
in whole or in part is permitted for any purpose of the United States Government 

2 Alfred P. Sloan Fellow; National Science Foundation Science Faculty Fellow, 1959-1960. 

* For reviews, see D. J. E. Ingram, Free Radicals. Academic Press, New York (1958); D. H. Whiffen, 
Quart Rev. 12, 250 (1958); H. C. Longuet-Higgins, Chem. Soc. Symposia, Bristol 1958 p. 131. Special 
Publication No. 12 of the Chemical Society, London (1958). 

4¢ N.S. Hush and J. R. Rowlands, J. Chem. Phys. 25, 1076 (1956); ° P. Balk, G. J. Hoijtink and J. W. H 
Schrears, Rec. Trav. Chim. 76, 813 (1957) E. deBoer and S. I. Weissman, /bid. 76, 824 (1957); 47 G. J 
Hoijtink and P. H. Van der Meij, Z. Physik. Chem. NF 20, 1 (1959). 

*D. E. G. Austen, P. H. Given, D. J. E. Ingram and M. E. Peover, Nature, Lond. 182, 1784 (1958). 

® A. Maccoll, Nature, Lond. 163, 178 (1949). 

7C. B. Wooster, Chem. Rev. 11, 1 (1932). 

® A. J. Birch, Quart. Rev. 4, 69 (1950). 
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probably occurs via protonation of a first-formed hydrocarbon anion. In principle, 
protonation of either the mono- or di-anion or both could be involved in the product- 


determining steps;*:” e.g. the protonation steps could be either of the two reaction 
sequences 


ArH ArH” ArH; 


H 
ArH™ ArH, >» ArH, 


The detailed reaction may depend on the relative amounts of the ions present in 
equilibrium, and these in turn depend on the effective electron affinity of the hydro- 
carbon. A common experimental technique with polycyclic systems is to form the 
sodium or lithium adduct in liquid am ia and to add alcohol as a proton donor 
In such cases the predominant reaction may well be with the dianion Phis technique 
frequently le: to dihy derivatives which are not reduced further. Benzene and 
its simple derivatives have such low electron affinity that litthe conversion occurs even 


to the mono-anion acile reduction requires th multaneous presence of alkali 
and proton source in liquid ammon action here may involve principally 
the protonation of t no-anion which ts contint ¥ gencrated.’” 
LOUDIC i 1OL atlackead unde conditions: the synthetic 
importa of this met! ( luction lies in the frequent production of unconjugated 
aper we first turn our attention to the prediction 


att 
MO (Hiickel MO or HMO) theory: we then 


and relate the results to the theory 


TREATMENT 
Hiickel ggested that the protons occupy positions of highest electron density 
he dian las Ca i heory Ihe suggestion has been applied to the 


reduction pr urated hydrocarbons at the dropping mercury electrode 


by Hotink and van Schooten Most facile protonation at the position of highest 


negative charge is obviously justifiable on grounds of simple Coulombic attraction 


but a second argument based on MO theory is instructive. Assume that the transition 


state for protonation involves only a perturbation of the original w-clectron system 
(Fig. 1). The principal effect of the proton will be to increase the effective electro- 
negativity of the attacked carbon: Le. =z becomes more negative The eflect of a 
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differential change in the Coulomb Integral on the z-energy has been shown by 
Coulson and Longuet-Higgins® to be 


dE = q,da (4) 


in which q, is the z-electron density on atom s. The perturbation caused by the proton 
decreases the energy and stabilizes the 7-system at the transition state, the effect being 
greatest at the position of highest electron density." 

For Alternant Hydrocarbons (planar conjugated hydrocarbons with no odd- 
membered rings), in which all positions have unit electron density,’* the positions of 
highest electron density are identical in the mono- and di-anion. Protonation is 


postulated to occur first at the position of highest c=, ., ,, the square of the coefficient 
of atom r in the m 1 or lowest vacant MO. Note that for alternant hydrocarbons, 
é Cy Either process in equation (3) leads to ArH,~ which is further pro- 


tonated at the position of highest electron density to give the product, ArHg. 

ArH,” is generally an anion having an odd number of z-centers and containing 
a methylene bridge. If the 7-system alone has a single position of highest electron 
density, protonation of that position may be taken to yield the product. An example 
is anthracene which has the « , values in I. The first proton attacks the 9-position. 


The next species to be protonated is a benzhydryl anion z-system, II, the charge 
densities for which are determined virtually by inspection by using the simple pro- 
cedure of Longuet-Higgins"’. Protonation should occur unambiguously at the central 
carbon; hence, the reduction product from anthracene is predicted to be 9,10- 


dihydroanthracene, which is actually the observed product 

If the z-system of the second anion has more than one position of highest electron 
density, the perturbing effect of the methylene group may have to be considered. 

Of the various models used for the effect of an alkyl group on a 7-systen /* the 


is adequate for our purposes. 
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simplest model, the so-called “inductive model,’ 
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Taste 2. ALKALI METAL REDUCTIONS OF AROMATIC HYDROCARBONS 


Calc 


DiH Experimental result 


product 


Chrvysene 


: i 
_ 
~ ~ —— 
Benzene 14 22,23 
4 
Naphthalene 20,21 
Anthracene 9.10 18 
719 
Pher ene 1,10 21,24 
4 ] 2-Ber antnracene 
‘ ‘ 5 
1.2, 3,4-di-benzanthracenc 26 
> « on 
thracene 14 25 
»,6 
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TABLE 2 (continued) 


Calc. 
DiH I xperimental result 


product 


Pyrene 


Bipheny! 


Fluoranthene 


Picene 5.6 (V) 
‘ 


Perylene 3,14 (V1) 
Pentaphene (VID) 
3,4-Benzphenanthrene $.6b( VILL) 
Biphenylene 2.4a (1X) 


Azulene (XII) is a nonalternant hydrocarbon in which the predicted mode of 


reduction does depend on whether the mono- or di-anion is the reaction intermediate. 
Protonation of the monoanion should occur at the l-position; the second anion is 
a vinyltropylium anion (XIII), in which the #-position has the highest electron density 
(Table 3). Protonation at this position would yield 1,2-dihydroazulene, a derivative 
of heptafulvene. Protonation of the dianion should occur at the 6-position; the 
second anion is a divinylcyclopentadienyl anion (XIV), which, according to its 
electron densities, should protonate at the 3-position to yield | ,6-dihydroazulene.*! 


23 C. B. Wooster and K. L. Godfrey, J. Amer. Chem. Soc. 59, 586 (1937). 
24 A. Jeanes and R. Adams, J. Amer. Chem. Soc. 59, 200 (1937). 

> W. E. Bochmann, J. Org. Chem. 1, 347 (1936). 
% W. E. Bochmann and C. H. Pence, J. Amer. Chem. Soc. 59, 2339 (1937). 
7S. E. Hart and A. S. Lindsey, J. Chem. Soc. 2227 (1958) 

O. Neunhoffer, H. Woggon and S. Dahne, Liebigs Ann. 612, 98 (1958). 

2° W. Hiickel and R. Schwen, Chem. Ber. 89, 150 (1956) 

39]. P. Egorov, E. P. Kaplan, Z. I. Letina, V. A. Shliapochnikov and A. D. Petrov, J. Chem. U.S.S.R. 
(Engl. Transl.) 28, 3284 (1958). 

31 This compound is a divinylcyclopentadiene derivative which should be rather acidic (The pK calculated by 
the LCAO method® is 18) and may tautomerize under the reaction conditions—compare the behaviour of 
fluoranthene (vide infra) 

A. Streitwieser, Jr., Tetrahedron Letters No. 6, 23 (1960). 
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XIV 


In a similar manner we may show that the mono-anion of acenaphthylene should 
give acenaphthene whereas the dianion should lead to 1,5-dihydroacenaphthylene 
(Table 3). 

REDUCTION OF FLUORANTHENI 

Because fluoranthene is a non-alternant hydrocarbon whose reduction sites do not 
depend in theory on whether a mono- or di-anion is involved in reduction, a study of 
its reduction is the next logical step in the development of the foregoing theory 

Treatment of fluoranthene with sodium or lithium in liquid ammonia followed 
by the addition of methanol gave a polymeric resin and 30-52 per cent yield of a 
crystalline compound, XV, m.p. 225-226°5 Analysis, molecular weight and micro- 
hydrogenation showed that XV has the dimeric formula, C,,H,,, with one double 
bond. The presence of the double bond was also demonstrated by reaction with 
perbenzoic acid which yielded a monoepoxide having a good analysis but a wide 
melting range. This behavior suggests the presence of diastereoisomers: partial 
separation on crystallization gave two crops having identical U.V. spectra 

Hydrogenation of XV gave XVI, C,.Ho., m.p. 241-241-5°, having a U.V. spectrum 
similar to that of 1,2,3,10b-tetrahydrofluoranthene, XVII (Fig. 2). Dehydrogenation 
of XV resulted in XVIII, C,oH,,, which possesses a U.V. spectrum similar to that of 
fluoranthene but with the fine structure eliminated (Fig. 3). The I.R. spectrum showed 
the absence of aliphatic C—H bonds in the 2930 cm™ region; XVIII is clearly a 
bifluoranthyl. The U.V. spectrum of XVII indicates that the bifluoranthyl is one of 
six possible isomers with bonding between the 1, 2 or 3 positions of two fluoranthene 
rings. Only one bifluoranthyl, the 3,3’ -isomer, XIX, has been previously recorded.” 
The melting point reported for this isomer, 327°, differs substantially from that of 
XVIII, 182°. Furthermore, XIX is converted to periflanthene (XX), on treatment 
with sodium amide in decalin. Similar treatment of XVIII gave a small amount of a 
dark red product which was shown not to be XX by comparison with an authentic 
sample. 

At this point we might pause to reflect on the possible mechanisms by which a 
dimeric structure could arise. In the past, such compounds have been interpretable 
as products of dimerization of radical anions; e.g. as-diphenylethylene: 


(C,H,)sC—CH, + Na = (C,H;)sC—CH, 


In our example such a process might be expected to lead to bonding at the 3-positions 
since the spin density is highest at this position of fluoranthene radical anion (Table 3) 
(vide infra). Furthermore, the observed product then requires further reduction in 
one but not both rings. Alternatively, let us consider that the first product of reduction 
is that predicted by the MO theory above; namely, 3,10b-dihydrofluoranthene, XXI. 


%3 J. Von Braun and G. Mantz, Ber. Dtsch. Chem. Ges. 20, 1603 (1937). 
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of XVI, XVII and XXVIII in chloroform 


The distinctive feature of this hydrocarbon is its relatively high expected acidity 


9. Vinvifluorene has the same 7-system. and according to HMO theory has a calculated 


pA of 17.% This acidity is sufficiently high that in the presence of sodium methoxide, 


rapid equilibration may be expected to the more highly conjugated 2, 


fluoranthene (XXII), a hydrocarbon that has a dibenzofulvene structure of the type 
known to add bases in a Michael-type of addition.” Such a reaction could plausibly 
occur with the anion from XXI (or XXII) to yield the new ion, XXIII 

Protonation would yield the corresponding hydrocarbon, a structure consistent 


3-dihydro- 


with all of the data known for XV (Chart I) 


™ The HMO energy of nyifluorenyl anion is 16a 20-422 that of t 
c,. l4a 18-383 The AM value, 2-039 corresponds to a pK of 17 in the correlation of ref. 32 
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Fic. 3. U.V. spectra of fluoranthene (1) 2,3’-bifluoranthyl, (XVIII), 
and the supposed 1,1‘-bifluoranthyl, (XXVIII) in chloroform 


XXII 


To check this hypothesis, authentic 2,3-dihydrofluoranthene (XXII) was prepared 
as follows: treatment of the tetrahydrofluoranthene (XVII) with butyl lithium 
followed by oxygen gave the alcohol, XXIV (€ hart 1). Reaction of the alcohol with 


hydrogen chloride in acetic acid gave XXII as a yellow crystalline solid which poly- 
merizes rapidly in boiling ethanol and which has a U.V. spectrum similar to that for 


| 
as 
\ 
\ / \ 
/ \ 
\ 
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9-ethylidenefluorene (XXV). The U.V. spectrum of XV is identical with that of an 
equimolar mixture of XVII plus XXII except for a uniform enhancement of intensity 
(Fig. 4). When XXII was added to a solution of sodium methoxide and methanol in 


liquid ammonia there was isolated a 22 per cent yield of XV along with much resin 


spect chioroform of wit 
nature of \Viland \NII 


This experiment adds weight to the structural assignment of XV and strongly suggests 
that the course of the metal-ammonia reduction of fluoranthene ts 

X Na X Na 
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thene (44 per cent) and resin. t there er ce f tetrahvdrofluoran- 


thene (XVII) and 2 per ce f 2.3-dihydrofluoranthene (XXII). In addition, there 
was isolated 2 per cent of le lime substance (X XVII) which was also obtained 
from the reaction of fluoranthene and alkali metals in ethers. When fluoranthene in 
diglyme ts stirred with sodiu id to methanol ther obtained unreacted 


fluoranthene and a resin, rel mounts depending on the reaction time. 
However, XXVII can also lated in amounts t rec This 
hydrocarbon, C,,H,,. m.p. 3: 32°", hi U.V. spectrum 
XVI (Fig. 2) but these compounds are different id mixed m.p.). They are not 


diastereomers because dehydrogenation gave bifluoranthyl, XXVIII, m.p. 263-5 


264°, differing from both the previously known 3,3 -bifluoranthy! (XX1) and from the 


|,2'-bifluoranthyl (XVIII) 
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XXVII might well be the dimer product of fluoranthene radical-anion; however, 
the fact that it has not dimerized at the 3,3’-positions requires a re-examination of the 
simple theory of bonding at the position of highest spin density. A possible inter- 
pretation is hinted by the recent observation that pyridine radical-anion dimerizes to 
yield y,y'-bipyridyl.” The y-position of this radical is not the position of highest spin 
density but it does have a rather high spin density coupled with a rather low electron 


density. \n retrospect, one would expect dimerization at a position to be facilitated 


by high spin or radical character but hindered by the Coulombic repulsion of high 
electron density. Examination of Table 3 reveals that the |-position of fluoranthene 


radical-anion has the second highest spin density but only the fourth highest electron 


density. Accordingly, we may tentatively suggest that XXVII is 1,1'2,2',3,3',10b, 


10b’-octahydro-1!,1 -bifluoranthy!: 


XXV! 
We append one final observation. When a solution of fluoranthene in glyme is 
treated with sodium and is then carbonated, there is isolated 5 per cent of fluoranthene- 
3-carboxylic acid. Although the yield is small, the product is easily isolated in pure 
form and this reaction is actually the method of choice for the preparation of this 
acid. The synthesis reported by Braun and Mantz*’, a tedious procedure that involves 
sulfonation, potassium cyanide fusion and hydrolysis, was repeated to provide an 


authentic sample. 
EXPERIMENTAL®™ 
hifluoranthyl (XV). A solution of 5 g of fluoranthene in 50 ml of 


drv 1.2-dimethoxvethane was added during 20 min to a solution of 1-15 g of sodium in 150 ml of 
1 gradually from 


liquid ammonia at 40°. During this time the color of the reaction mixture changed 
green to brown. After 30 min of additional stirring 30 ml of absolu 


pale wine. After | hr of add tional stirring, the cold bath was 


te methanol was added with an 


accompanying change in color to a 
removed and the ammonia was evaporated with a stream of nitroget The solvents were removed 
cuo. The white residue was treated with 100 ml of water and 250 ml of benzene. The 
aqueous layer was separated and washed twice with benzene. The combined benzene layers were 
washed with water and with saturated brine. The dried benzene solution was concentrated to 80 ml 
yielding 2-02 g of product which on recrystallization from benzene had m.p. 225-2265 (Found: 
C, 94-1; H, 60; M.W., 439(Rast). Microhydrogenation with Pd-C in acetic acid gave an equivalent 
weight of 385 per double bond. Calc. for C,,.H,,: C, 941; H, 5-9; M.W., 408). From the mother 
liquor only plastic material could be obtained 

A repetition with 25 g of fluoranthene gave 12-9 g (S2°,) of XV and II 5 g of resinous material 
lium gave from 25 ¢ of fluoranthene, 7:3 g (30°,) of X\ 


The use of lithium instead of s 
Epo tion of XV. A solution of 2-0 g (4-9 mm) of XV and 22-9 mm of perben oic acid in 250 ml 


5 lodometric 


of benzene was allowed to stand at room temperature for 4 hr and overnight at 


titration of both the reaction mixture and the reference solution indicated that 5-2 mm of per-acid had 


L. Ward, personal communication 
J. V. Braun and G. Man Lie rs Ann. 488, 111 (1931) 
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reacted with XV. Crystallization gave a first crop of 0-70 g, m.p. 176-182", and a second crop of 0-52 g 
(59° total yield), m.p. 170-175”. The U.V. spectrum of both crops was identical and showed no 
absorption beyond 315 my. The analytical sample was crystallized from benzene, m.p. 174-179". 
(Found: C, 90-6; H, 5-7. Calc. for C,,H,,O (monoepoxide): C, 90-5; H, 5-7. Calc. for C,,H,,0, 
(diepoxide): C, 87°6; H, 5-1%,) 

1,1’,2,2’,3,3’,10b, 10b’-Octahydro-| ,2’-bifluoranthyl (XV1). A solution of 0-41 g of XV in 55 ml of 
dry diglyme was stirred with 0-10 g of 5°, palladium on carbon under an atmosphere of hydrogen 
until no more hydrogen was taken up. The catalyst was filtered and the filtrate was diluted with w ater, 
yielding 0 34 g (83",) of white precipitate w hich after one recrystallization from benzene had m.p 
241-241-5° (Found: C, 93-3; H, 6-4. Calc. for Cy,;Hg.: C, 93-6; H, 64%). The U.V. spectrum of 
XVI is recorded in Fig. 2. 

1,2’-Bifluoranthyl (XVI). A mixture of 2-0 g of XV and 0-7 g of sulphur was powered and heated 
in an open flask at 250°. The reaction started immediately with violent gas evolution. After 1-2 hr 
times with hot benzene. The combined benzene 


the reaction mixture was cooled and extracted several 
extracts were decolorized with charcoal and chromatographed on 250 g of alumina. The first fraction 
eluted with benzene was evaporated an 
0-93 g (47%,), m.p 182-5-183-5°, unchanged on recrystallization from benzene (Found: C, 95-3: H, 


d the residue was recrystallized twice from acetic acid yielding 


4-6. Calc. for C,,sH,: C, 95:5; H, 45°). The LR. spectrum in carbon tetrachloride showed no 
aliphatic C-H stretching bands at 2930 cm The U.V. spectrum is recorded in Fig. 3 
A solution of 0-3 g of XVI in 250 mi of glacial acetic acid was refluxed with 0-3 g of 5°, palladium 


on carbon for 17 days. The solution was filtered and diluted with water yielding crude XVIII which 
had m.p. 175-180° on recrystallization from benzene ethanol. A mixture m.p. with XVI showed no 


depression; the U.V. spectra were identical 
(?) (XXVIII). A solution of 3-04 of fluor- 


anthene in 40 ml of dry diglyme was stirred with 0-83 g of sodium at room temperature under nitrogen 
for 27-Shr. The reaction mixture was poured through glass wool into absolute methanol under 
nitrogen. The filtrate was diluted with water and the precipitate was recrystallized from ethanol 


vielding 0-16 g of XXVII, 0-88 g of starting material and a remainder of resin. Shorter reaction times 


gave smaller conversions of fluoranthene. On recrystallization from benzene XXVII had m.p. 331-5- 
332-5° (Found: C, 93-4; H, 63. Calc. for C,,H,,.: C, 93-6; H, 64°%,). The U.V. spectrum ts 
recorded in Fig. 2. A mixture melting point with XVI depressed 
Similar reaction of fluoranthene with sodium in 1,2-dimethoxyethane gave only plastic resins 
1,1’-Bifluoranthyl (?) (XXVIID. A mixture of 0-24 g of XXVII and 0-14 g of sulfur was powdered 
| 


7 xl re | nie 
and heated in an open test tube at 250 270° for 25 min. The dark glassy residue was dissolved in 5 ml 


of hot benzene and chromatographed on alumina. Elution with benzene gave a strongly fluorescent 
fraction which was evaporated. The residue was crystallized from glacial acetic acid yielding 0 23¢ 
of XXVIII which on recrvstallization from benzene gave pale yellow-green blocks, m.p. 263-5-264 
(Found: C. 95-3: H. 4-4: M.W., 396 (Rast). Calc. for C,,H,.: C, 95-5; H, 45; M.W., 402). The 
I.R. spectrum in a potassium bromide pellet showed no peaks at 2930 cm The U.V. spectrum is 
recorded in Fig. 3 

Fluoranthene-3-carboxylic Acid. A mixture of 5-05 g of fluoranthene and 1-15 g of sodium in 50 ml 
of dry 1.2-dimethoxvethane was stirred at room temperature for 24-5 hr under nitrogen. Dry carbon 
dioxide was passed over the dark reaction mixture for 4 hr until the color faded to a pale yellow. At 
this point a considerable amount of unreacted sodium was removed manually from the reaction 
mixture. The mixture was evaporated acuo and the residue was treated with 100 ml each of benzene 
and water. The aqueous liquor was separated and the benzene layer was washed with water. The 
benzene extract vielded 0-98 g of crude eacted fluoranthene. Acidification of the aqueous extracts 
with hydrochloric acid gave 5-03 g of a yellow powder having a wide melting range. Crystallization 
from 40 ml of 80°. ethanol gave 2 crops totaling 0-29 g, m.p. 287-288°D after recrystallization from 


absolute ethanol (Found: C, 82-9; H, 4:3; N.E., 245. Calc. for C,;-H,oO,: C, 829; H, 41; NE 


246). | vaporation of the mother liquor gave orange resi 
jing to Braun and Mantz and had 


nren 
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Authentic fluoranthene-3-carboxylic acid was pre g 
m.p 284-286 D. A mixture m.p. of both samples d d not depress and the U.V. spectra were identical 
The use of lithium instead of sodium or of liquid ammonia tn place of | ,2-dimethoxyethane gave 
lower vields 
1,2,3,10b-Tetrahydrofluoranthene (XVI1). The sodium amalgam reduction of fluoranthene was 
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carried out using the procedure of Braun and Mantz**. After crystallization from ethanol the product 
had m.p. 75-76 (lit 74°"). The U.V. spectrum is recorded in Fig 
2?.3-Dihydrofluoranthene (XX11). A solution of 0-046 m of butyl lithium in 22 ml of heptane 


was added under nitrogen to 5-2 g of XVII in 100 ml of dry benzene. On stirring for 21-5 hr at room 


temperature the deep red solution gradually deposited a bright orange precipitate Dry oxygen was 
passed over the vigorously stirred and cooled mixture for | hr; the orange precipitate slowly 
disappeared and the solution became a brown red A mixture of 50 ml of water and 100 ml of 
saturated aqueous sodium sulfite was added and the mixture was stirred for | hr. The organic layer 
was separated and the aqueous layer was washed with benzene. The combined organic layers were 
washed w ater ilute hydrochloric acid. water and saturated brine. Solvents were removed from 
the dried solution in vac nd the residual red material was chromatographed on 250 ¢ of alumina 
A fraction of 2:25 g of pale yellov solid wa wit! nzene at ad a U.V. spectrum indicative 
of a mixture of XVII and XXII econ ction 2 f le vellow solid was obtained with 


ether—methano!l This material showed a strong O-H stretchi and in the LR. and had a U.V 


spectrum nila that of XVII This crude alcohol was dts d in 30 ml of warm acetic acid 
, 


After bubbling h oven ¢ ride t *h the solution for 10 n the color changed from yellow to 
dark red it ! ( or n | to re mperature, diluted with water and 
extracted wit zen i tral id chromatographed 
on 140 of alumin it 30 ud at > vellov This 
material 1s 

recrystalliz olving in etha t room ten atul ‘ ling in dr The vellow crystals 


mp 5°, and did not dey fluoranthene ot 93-7; H, 6-0 
tic acid with 5 

n chloroform was 

The following 


325 82-5 (3-96), 282-5 


; 6& mu (loge « 3-87). 313-003-886) 


The U.V. spectrum of a mixture of XXII and XVII was very 


ylorless solution of 1-5 g of sodium and 50 mi of 

added solution of 5-76 ¢ of crude XXIl 

e and tetrahvdrofluoranthene, of 

by UV. analvsis) it rv | Ve ammonia was allowed to evaporate and the 
residue | luted Vv Wi nd extracted with benzene yncentration of the washed and dried 


benzene tracts gave 1-04 ¢g of XVI, m.p. 224 226 The t 


pectrum was identical with XVI and 


mixture n lid not depress urther evaporation of the ver liquor gave 4:5 g of orange resin 


Sodium-fluoranthene in lig ( th ammonium chlorid A solution of 5-5 ¢ of fluoranthene 
in 40 ml of 1.2-dimethoxyethar va id sodium in 200 mi of liquid ammonia during 
20 min. After stirr in add }m 5 inhydrous ammonium chloride was added 


in portions. After stirring for a litional hour, 100 ml of ether was added and the ammonia was 


allowed t evaporate Tt 5 ylut ) was cV ipor ited to dryness vacuo ad the residue was shaken 
with a benzene-wate The benzene layer was separated, washed dried, concentrated and 
chromatographed on alumina ution with benzene-hexane mixtures gave 0-19 ¢ (4°) of XVII, 
0-10¢. (2 of XXII and 2°41 ¢ ) of fluoranthene, the balance being resinous material. A 
concentrated solution of the resin benzene slowly deposited 0-11 g (2°,) of XXVIII, m.p 327-330 . 
undepressed on mixture m.p. with authentic XXVII. The U.V. spectra were also identical 


*J. von Braun and Mantz r. Dts he Ges. 63. 2608 (1930) 
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Abstract—The unique orientation effects observed in the alkali metal-ammonia reactions of aromatic 
compounds are considered from a molecular orbital viewpoint The Birch rule governing the 
reduction of substituted nat : | lect of substituent the ease of hydrogenolvysis of 
benzyl! alcohols, the similar effect in the dealkylat ind dearvlation of alkyl aryl ethers and arvl 
ethers, the course of de ilkoxylation of alkyl aryl ether I il und to be reasonably accommodated 


by molecular orbital theory 


AMONG the reactions of organic chemistry the metal ammonia reduction!:*»> has 


taken its place as one of considerable synthetic utility From a mechanistic viewpoint 


this reaction, together with variants, presents many interesting and intriguing features 
It is the purpose of the present paper to report the applicability of molecular orbital 
theory in explaining certain aspects of the metal ammonia reduction which have 
hitherto been enigmatic. Of special interest are the orientation effects observed: 
(a) in the formation of dihydrobenzenes from substituted aromatics,” (b) in the 
hydrogenolysis of substituted benzyl alcohols,’ and (c) in the dealkylation and 
dearylation of alkyl aryl ethers and aryl ethers.* 

In the case of reduction of substituted aromatics to yield 1,4-dihydrobenzenes 
there has been noted* a strong driving force favoring formation of the 1,4-dihydro- 
benzene having the maximum number of alkoxyl or alkyl groups on the residual 
double bonds and having the minimum of these groups on the 1,4-carbon atoms 
reduced, with alkoxyl groups having a more pronounced effect than alkyl groups. 
This constitutes the Birch rule* defining the reaction course. Thus,?-** reduction of 


anisole affords 2.5-dihydroanisole as the predominant product 
: 


! The alkali metal-ammonia—alcohol reduction of aromatics to dihydrobenzenes was first reported by 
Wooster [C. B. Wooster and K. L. Godfrey, J. Amer. Chem. Soc. 59, 596 (1937); C. B. Wooster, U.S. Pat. 
(Du Pont) No. 2182242 (1938), Chem. Zentr. 1, 3987 (1940)]. Correct structures were first assigned by 
Birch and co-workers, who have elegantly investigated the generality and nature of the reaction. 

A. J. Birch. J. Chem. Soc. 430 (1944); ° Ibid. 593 (1946); ° Ibid. 102 (1947); * Quart. Rev. 69 (1950); 

A. J. Birch and H. Smith, J. Chem. Soc. 17 (1958) A. J. Birch and D. Nasipuri, Tetrahedron 6, 150 
(1959). 

A. J. Birch, J. Chem. Soc. 809 (1945); 4. J. Birch and S. Mukherji, /bid. 2531 (1949) refs. 2d and 2e. 

4@ P_ A. Sartoretto and F. J. Sowa, J. Amer. Chem. Soc. 59, 603 (1937) A. L. Kranzfelder, J. J. Verbanc 
and F. J. Sowa, /bid. 59, 1488 (1937); F. C. Weber and F. J. Sowa, /hid. 60, 94 (1938): * K. I reudenberg, 
F. Klinck, E. Flickinger and A Sobek. Ber. Dtsch. Chem. Ges. 72, 226 (1939); ref. 2c; A.J. Birch, J. 
Chem. Soc. 2106 (1949): * K. E. Hamlin and F. E. Fischer, J. Amer. Chem. Soc. 75, 5119 (1953); * A. J. 
Birch, Aust. J. Chem. 7, 256 (1954); refs. 2a, 2d and 2e. 

> A. W. Wilds and N. A. Nelson, J. Amer. Chem. Soc. 75, 5360 (1953). 
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In order to ferret out the driving force controlling orientation, one must first 
know the gross mechanistic details. Fortunately, there seems to be some agreement 
in the literature that the alkali metal-ammonia-alcohol reduction of aromatic com- 


pounds involves reversible electron introduction to the 7-system followed by a rate 


limiting protonation of the resulting radical anion, resulting from one electron 
introduction, or dianion, resulting from two electron introduction °4.7,84,7,8 for simple 
alkoxyl and alkylbenzenes it appears that it Is the anion radical which is involved.* 
Accordingly, the reduction of anisole may be formulated in the following manner: 


As has been noted both by Birch*’ and Bothner-By*. the 2.5-dihydro structure of the 


product (¢ | anion intermediate (1) be protonated either 


ortho as in path A, or instead meta to the methoxyl function, 


as in pat! ver event the anion (III or V) derived from introduction of a second 
electron must ibsequently be protonated para to the site of the initial protopic 
attack in o unt for the observed product, VI. Thus selectivity is manifested 
in both pr lation steps of the metal-ammonia reduction. The driving forces 


rest and will now be examined 


respons ble for this selectivity are of considerable intere 
An understanding of the selectivity of protonation of an anion radical as I is not 


readily derived fro qualitative valence bond reasoning Eighteen low energy 


resonance structures (¢.g. la and Ib) may be written for |; in these the negative 
J. F. Eastman, ¢ 

82, 751 (1960) 
, 2017 (1957): W. Hickel 
tan. 614, 47 (1958) 


anion radical which is 


* A. P. Krapcho and thner-By, J. Amer ’ 265 also 
Koc oor + (1959 rancl 

? For view of tl cha m of 
ur 
* Evider 
prot 


conciuded that it is the 


nes. Sin arly rch and coworkers (ref. 2¢) have 


which is generally protonated in the rate limiting step 


33 
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charge appears equally on all ring carbon atoms. Additionally, three structures such 
as Ic are possible in which the odd electron interacts with the methoxyl group with 
formation of a three electron 7-bond;° in these structures the electron appears at the 
ortho and para positions. No convincing support is seen for prediction of an ortho 
and/or meta charge accumulation to account for a selective attack at these positions.!° 


TABLE |. 7-ELECTRON DISTRIBUTION OF RADICAL ANIONS 


Total Odd electron Highest pair 


Methoxybenzene 
density 


and position 


density * density 


Monomethoxy 


substituted carbon 0-9722 0-0000 0:2381 
ortho 1-2784 0-2500 0-3613 
meta 1:2488 0:2500 0-2946 
para 1-0214 0-0000 0-2591 


ortho-Dimethoxy 

substituted carbon 1-0897 0-0915 0-3018 
1:3519 0-3242 0-334] 
0-0791 0-:2273 


ortho—meta 


meta—para 1-0985 


meta-Dimethoxy 


substituted carbon 10503 0-0792 0.2290 
ortho—ortho 1-359] 0-302! 0-3021 
ortho—para 1-1402 0-0911 0-3370 
meta—meta 13459 0-3481 0.3481 


para-Dimethoxy 


0-9924 0-0000 0-2211 
1-2764 0-2500 0-3253 


substituted carbon 


ortho—meta 


* Resulting from distribution of 9 m-clectrons 


cases 


In contrast, LCAO molecular orbital calculations are capable of yielding a predic- 
Furthermore, examination of 


tion of electron distribution in radical anions such as | 


the predictions for a series of methoxybenzene radical anions reveals an interesting 
culations are 


and consistent pattern of electron distributions. The results of these ca 
indicated in Chart I and Table 1. The details of the calculations are outlined in the 


section on Calculations 
Inspection of these results reveals that for mono and dimethoxybenzenes the elec- 


tron density of the radical anion ts greatest at positions ortho to methoxyl groups 


with the electron density increasing with an increasing number of such methoxyl 


Ring carbon atoms meta to methoxyl groups are found to be less electron 


groups 
rich while positions para to methoxyl groups are seen to have a strikingly lower 


id 


Dy interaction of the odd ciectron with an alkoxyl group Is a 


* Stabilization of an odd electron species 


general phenomenon. As has been noted by M. J. S. Dewar, The Electronic Theory of Ors Chemistry 
p. 243. Oxford University Press (1949), the interaction is similar to the stabilization of a carbonium ion by 
alkoxyl except that int odd electron case there one extra ciectron which must go into ana tibonding 
7-orbital with loss of son Oo! the energy gained formation of a two electron bonding 7-orbital The 
overall w-bond may be termed a three electron bond 

'® Qualitative arguments in favor of a meta buildup of charge (ref. 2/) or “free charge” (ref. 2¢) have been 
advanced. It was suggested that the position of greatest (free) electror density will be the mm fa position as 


a result of opposition to accumulation of charge ortho and para due to the substituent 


: 
the monomethoxy and 11 7z-electrons in the dimethoxy 
| 
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Ring carbon atoms bearing a methoxy! group also have a dramati- 


electron density 
In order to give some idea of the significance of the 


cally lower clectron density 
differences in electron densities, the electron densities of the neutral aromatic species 
it is seen that the ortho carbon of anisole is 0-03 electron 


are included in ¢ hart | 
more rich than the meta carbon atom 
electron density of 0-31 for the ortho position of the radical anion of anisole, 0-28 for 


This compares with (e¢.g.) an enhanced 


meta and 0-05 for para compared to the methoxy! substituted carbon of this species 


Thus the differences in electron densities in the anisole radical anion are relatively 


large 


Metnhoxybenzenes” 


Having found interesting and consistent differences in electron densities at 
different carbon atoms of radical anions, one is faced with the question whether these 
may validly be used in interpreting relative rates of protonation of a given species 


4 
LCAO M Electron Distribution of some 
Neutra pecies Rodicg! Anior 
2784 
: 3988 2488 
c's 
3544 9596 | 
285 
9522 3567 
493 459 40-2 
146 
9978 
9546 
9924 9924 
264 2764 
> 
* Tne ndicoted electron distributions ore for the toto fo 
electror Ne! charge bioined by subtracting ne 
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One might well question whether instead of relating selectivity of protonation to 
electron densities he should not consider z-localization energies. It does appear, 
however, that for protonation of ordinary mesomeric anions the bonding electron 
pair is not greatly localized in the transition state and that as a result localization 
energies do not give predictions in the proper direction. Thus protonation of meso- 
meric anions is often observed to exhibit a kinetic preference for the less stable of 
tautomeric products (vide infra), a result not according with an interpretation based 
on localization energy; minimum electron localization is incurred when the mesomeric 
anion proceeds to the most conjugated product. Formation of the less stable tautomer 
is, however, understood on the basis of protonation of the most electron rich position 
in a transition state in which the pair is still heavily delocalized. An a priori judgment 
whether the transition state for protonation of radical anions involves as little carbon 
hydrogen bonding would be difficult, and it appears best to use the adequacy of the 
electron density approach in dealing with radical anion protonation as criterion of 
the validity of the assumed transition state 

One notes that for each of the mono and disubstituted methoxybenzene radical 
anions in Chart I protonation at the position of greatest electron density affords a 
radical capable of proceeding further to the 1,4-dihydrobenzene predicted by the 
Birch rule. Since the positions of lowest electron density of the radical anion are 
those which are substituted by a methoxyl group or para to a methoxyl group, in no 
case will a proton attack a carbon atom either bearing a methoxyl group or para to 
a methoxyl group. For example, ortho protonation of the radical anion (1) from 
anisole affords radical Il which may proceed onward to 2,5-dihydroanisole (V1) via 
path A." 

Having considered the course of the first protonation step, one must next scrutinize 
the second and product forming protonation in which a mesomeric anion as Il 
affords a dihydrobenzene in order to ascertain the reason for a preferential formation 
of the unconjugated product. Thus while a priori, any of carbon atoms 1, 3 or 5 of 
such a carbanion might be protonated, it is in general the central position which is 
attacked, as has been noted by Birch.*’ In the simpler case of the metal ammonia 
reduction of benzene, the final step involves the protonation of mesomeric anion VIL. 
Since 1,4-dihydrobenzene is actually the major product,®.’* it is seen again that of 
carbon atoms 1, 3 and 5 it is the central atom 3 which is preferentially protonated. 


Vi 


This result, however, receives no theoretical rationale in terms of the charge distribu- 
tion of the pentadienyl anion as given by the simple LCAO molecular orbital theory, 


'! Inspection of Table | also shows that protonation at the site having the highest density of the high energy 


electron pair will lead to observed product. A similar observation ts made with respect to the odd electron 


density. Furthermore, addition of the odd electron densities to the total 7-electron densities for a given 
radical anion, as obtained from Table 1, affords the total z-electron distribution for the corresponding 
dianions. Since in general the prediction based on electron density distribution of the dianion ts found to 


agree with that based on the radical anion, in special cases where the dianion is the species reduced, the 


same product will be anticipated 
12 W. Hiickel and U. Wérffel, Chem. Ber. 88, 338 (1955) 
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for the negative charge is predicted to be equally distributed among carbon atoms 
1,3 and 5. The inability of electron density predicted by the simple model to account 


for the observed protonation has already been noted by Hammond." However, the 


LCAO MO theory assumes equal overlap between atoms | and 2, 2 and 3, etc. 


Simple qualitative resonance considerations lead to the expectation that bonds 1-2 


and 4-5 should be shorter and involve greater overlap than bonds 2-3 and 3-4; 
this is because in two of the three resonance structures written for VII bond 1-2 and 
4-5 are double while in only one of the three structures are bonds 2-3 and 3-4 double. 
The simple LCAO MO theory, while naive in giving electron densities, is in agreement 
with these resonance arguments and predicts (cf. Table 2, first approximation) a 
higher z-bond order 1-2 and 4-5 than 2-3 and 3-4. Furthermore, when unequal 
overlap is taken into account, the ratio of electron densities on atoms | and 3 of VII 
is given by 
Sie 

where Q, and Q, are the net charges, g, and gq, are the total electron densities and 
S,. and S,, are the overlap integrals for 7-bonds 1-2 and 2-3, respectively." There- 
fore, since S,. > Sys, the electron density at carbon three is higher than at carbon 


TABLe 2. CHARGE DENSITIES CALCULATED POR THE PENTADIENYL CARBANION BY SUCCESSIVE 
LCAO MO APPROXIMATION WITH CHANGING BOND ORDERS 


First 0-788 0-578 
Second 5 0-802 0-564 
Third 0-802 0-562 


one, rationalizing the preferential attack of a positive species at the central carbon 
atom of the pentadieny! carbanion system 16 By successive approximation, using the 
bond orders from each approximation to give the overlap and exchange integrals for 
the next iteration, there are obtained the results given in Table 2. It is seen that the 
electron density at the central carbon atom does build up to a constant value higher 
than that at the end atoms. It is suggested that this bond order effect is heavily 
responsible for the ubiquitous phenomenon of central protonation of mesomeric 
anions 
Similar calculations for the 1-methoxypentadienyl carbanion moiety (\ Ill) and 
for the 2-methoxypentadieny! carbanion system (1X), using the bond orders obtained 
from the unsubstituted case as an approximation, indicate a similar accumulation of 
charge at the central carbon atom. Thus both the central protonation of mesomeric 
anion intermediates of the metal ammonia reduction of aromatic and the course of 
18 This prediction is most easily arrived at by the method of non-bonding molecular orbitals as described by 
J. Longuet-Higgins, J. Chem. Ph 18, 265 (1950): Proc. Chem. Soc. 157 (1957); M. J. S. Dewar, J 
Amer. Chem. Soc. 74, 3341, 3345 (1952) 
4G. S. Hammond, J. Amer. Chem. S 77, 334 (1955) 
48 This derives from solution of the secular equation with or without neglect of overlap, making the assump- 
tion that the resonance integral is proportional to the overlap ntegral 
® The first suggestion that the proton donor most rapidly attacks the site of highest electron density appears 


to have been made by A. J. Birch [ref. 2d and Disc. Faraday Soc. 2, 250 (1947))] and by M. J. S. Dewar [/bid 
2, 261 (1947)). 
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the initial protonation of the radical anion intermediates are explicable on a molecular 
orbital basis. 


1-368 1-380 CH,O 1-383 
1-052 1-009 0-976) 0-998 
1-316 1-316 1-346 1-364 1-324 
CH.O < 
R R’ R R’ R 


Vil rx 

Further applicability of the molecular orbital considerations is found in under- 
standing some unusual orientation effects described in the literature for hydrogenolytic 
and ether cleavage reactions occurring in metal ammonia reactions. Most readily 
understood is the unique pattern of hydrogenolysis of substituted benzyl alcohols on 
treatment with metals in liquid ammonia. It has been reported by Birch and co- 
workers® that this reaction is inhibited by strong electron donors para to the benzylic 
grouping; reduction of the aromatic ring predominates in such cases. Ortho and meta 
electron donors were reported to hydrogenolyze smoothly. The hydrogenolysis 
process is reasonably pictured as involving expulsion of hydroxide anion from the 
initially formed aromatic radical anion; such explusion would proceed best when 
the ring position bearing the carbinol moiety is most electron rich. Since ring atoms 
para to an electron donor are relatively electron poor compared to the meta and 
ortho positions (cf. Table 1) one w ould anticipate hydroxide expulsion para to methoxyl 
to be difficult compared to the meta and ortho orientations. 


Ch 
CH, CH, CH, 


The same substituent effect is observed in the dealkylation of alkyl aryl ethers and 
the dearylation of aryl ethers occurring in competition with reduction when these 
ethers are treated with alkali metals in liquid ammonia. Birch has reported that the 
cleavage of a group from an aryl ether oxygen atom occurs most readily when the 
aryl group bears an ortho electron donor as methoxyl or methyl, somewhat less 
readily with a meta electron donor present and is inhibited with a para donor as 
methoxyl. Thus in the demethylation of anisole derivatives, the ortho methoxyl 
derivative gave 89 per cent of demethylation product, the meta isomer afforded 
Similarly, the reaction of 3,4- 


71 per cent, and para isomer gave only 3 per cent.* 
dimethoxy-2’-phenylethylamine has been reported by Hamlin and Fischer*’ to afford 
85 per cent of 3-hydroxy-4-methoxyphenylethylamine on treatment with sodium in 
liquid ammonia; thus the methoxyl group meta to the alkyl side chain loses its 
methyl group in preference to that para to the alkyl side chain. A number of similar 
examples have been described.* The effect of substituent groups seems to be in accord 
with the reactivity sequence expected for a radical anion intermediate, and one may 
picture the reaction as involving expulsion of a carbanion”’ from the anion radical: 
1? The mechanistic details of the reaction are not completely unambiguous. Not only is it possible that the 
species losing the methyl group is actually the dianion, but also the evidence on the question whether a 
methyl radical or a methyl carbanion is lost is incomplete. In a study of the ease of cleavage of different 
groups (ref. 2a) benzyl was found to be lost readily, a result explicable on either a radial or anionic basis. 
Isopropyl and n-propyl were found to be similar, a result hard to understand on either basis. Methyl was 


lost more readily than propyl suggesting loss as a carbanion. In any event the various mechanistic 
variations would be subject to similar substituent group effects. 


4 
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in view of the low electron density para to a methoxyl group, the difficulty in dealkyla- 
With meta and ortho methoxyl groups the 


tion occurring here ts understandable 
dealkylation would be expected to become more facile.'* 


R 


H. 
In summary, it may be noted that species having an extreme number of valence 
bond structures and not readily amenable to simple qualitative resonance considera- 
tions are most readily treated from a molecular orbital viewpoint 
CALCULATIONS 


The calculations on the methoxybenzenes were carried out by the simple LCAO 


MO method with neglect « 
oxygen Coulomb integral as The secular 


The carbon—oxygen exchange integral was 


taken as 0°6/,._,. and the 


by use of group theory and the residual determinants 


determinants were factored 
a 1604 computer and the Jacobi method for 


n an IBM 650 computer."® 


were solved where necessary using 


diagonalization: earlier calculations were carried out o 


In the case of the pentadienyl species the bond orders obtained in the usual 


fashion were related to the overlap integrals for the next approximation using the 


method of Mulliken*' 0-O80p 0-115: he is the total bond order for 
a given bond. 

to undergo the dealkyla 

oxyalkylbenzene. TI 

m 3-methoxy! 

bond of the 

r to the aromatic ring 

gratefully acknowl 

American Chem 


Pickett and R.S 
Coulomb parameters 


quantitative, although not 


Ne NH, + RH 
‘ + NH 
cal ety gratctu ae 
Mull d R. S. Mullike J. Amer. Chem. 80, 3489 (1958); N 
Mullike Ibid. 80, 4770 (1953). Int present work no adiustment of tl 
were made; such further refinement would undoubtedly have improved tht 
qualitative, significance 
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Abstract—The extent of intramolecular hydrogen bonding, occurring in dilute CCI, solutions, of 
members of the series (n 2-5) HO.(CH.)np.-OH and MeO.(CH.),.0OH has been determined. The 


results permit the interpretation of the patterns of hydrogen bonding in the three monomethyl ethers 


of butane-1,2,4-triol and in 1,4-dimethoxybutan-2-ol. In these compounds, where hydrogen bonding 


allows the formation of rings of different sizes the sequence of preference 5 6 7 was observed. 


THE intramolecular hydrogen bonding occurring between hydroxyl groups or between 


a hydroxyl group and a suitable proton acceptor (usually oxygen) has been determined 


for a wide range of diols and related compounds.' Measurements are usually made 


on solutions of the alcohols in carbon tetrachloride which are sufficiently dilute to 


preclude intermolecular hydrogen bonding. The effect of structural variation on the 


extent of intramolecular hydrogen bonding has been rationalized in many cases!.2 


and the converse approach has been used in the structural determination of certain 


diols.” However, in all those compounds studied so far, where more than one type of 


intramolecular hydrogen bond can be formed, for example involving secondary and 


tertiary hydroxyl groups,* the alternatives require the formation of rings of the same 


size. Apparently, no example has been reported where alternative intramolecular 


hydrogen bonds involve the formation of rings of different size. Information obtained 
from a study of such systems may be of potential value in considering the patterns of 


intramolecular hydrogen bonding in carbohydrates with relation to their effect on 


reactivity. There is now considerable evidence* which indicates that the rate and/or 


direction of a variety of reactions can be markedly influenced by intramolecular 


hydrogen bonding involving hydroxyl groups. 


As a first stage we have examined the patterns of intramolecular hydrogen bonding 


in the series of acyclic alcohols shown in the Tables. 


Whereas ethane-1,2-diol and butane-1.4-diol were readily purified by fractional 


distillation of commercial products, commercial propane-!,3-diol, which contains a 


significant percentage of periodate oxidizable material,® cannot be so purified. Con- 


version to the crystalline® 2-phenyl-1,3-dioxan, by reaction with benzaldehyde, followed 


by acidic hydrolysis of the cyclic acetal gave pure propane-1,3-diol. Pentane-1,5-diol 


1M. Tichy, Chem. Listy 54, 506 (1960). 
2 L. P. Kuhn, J. Amer. Chem. Soc. 74, 2492 (1952): 76, 4323 (1954) 
3 A. R. H. Cole and P. R. Jefferies, J. Chem. Soc. 4391 (1956) 

*¢ H. B. Henbest and R. L. Wilson, J. Chem. Soc. 1958 (1957) S. A. Barker, J. S. Brimacombe, A. B. 
Foster, D. H. Whiffen and G. Zweifel, Tetrahedron 7, 10 (1959); A. B. Foster, Ann. Rev. Biochem. ww, 
in press (1961). 

® J. L. Bose, A. B. Foster and R. W. Stephens, J. Chem. Soc. 3314 (1959). 

®* E. Fischer, Ber. Dtsch. Chem. Ges. 27, 1524 (1894) 
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TABLE 1. INFRA-RED SPECTRAL DATA ON CERTAIN ALCOHOLS 


sxx and 


Alcohol 
Bonded OH 


Ethane-1,2-diol 3619 (24) 


2-Methoxy 
Propane- 


3-Met! 


178 
2 anol 464 1°16) (D5) 31 
3 3-dio 3641 (53) 3565 (27) 76 
4 xypropa 10] 3641 (34) 3554 (44) 87 
aS 5 Butane-!.4-d 3640 (29) 3484 (11) 156 
6 4-Methoxybutanol 3640 (40) 3460 (36) 180 
: - Pe 1 &<_din 3641 (15) 
5-Me xvpentanol 3641 (56) 3500°(5) 141 
1 ,4-Dimethoxybutan-2-ol 3598 (45) 31 
10 +-Methoxybutane-1 ,2-diol 3641 (33) 3597 (60) 
3434 (57) 107 
343918) 0? 
2-Methoxybuta | .4-diol 4641 (29) (21) 44 
14] 
12 +-Met xyt ) 3641 (49) 389 )4) 44 
3562 (79) 79 
Ss isu io ted so of undetern Ext ts are : 
mit 14,90 or for unt led "TO ref 
TABLE 2 ANAL’ \ ) PHENYLAZOBENZOATES ¢ H ALCOHO IN TABLE |! 
Yield M Found ( Required 
) ' ( H N H N 
| 211-214 69-95 4-3 11-9 70:3 4-6 11-7 
? 61 74.75 C..H..N.O 67-8 9-7 67-6 §-7 9-9 
3 69 196~198 C..H.,.N,O, 71-05 4-6 70-7 49 11-4 
4 sO 68-2 9-§ 68-4 61 9-4 
‘ 66 199-200 CyHyNO, 70-75 11:3 $2 bl 
7 69 164-165 C,,H.,.N,O, 1-6 §-25 10-85 1-5 $-4 10-8 
$7 45.46 HNO 69-6 6-6 69-9 6% : 
10 75 113-114 69-6 5:3 10-2 69-4 10-45 
11 50 133-136 C,,H,,N,O 69-4 10-4 69-4 10-45 
12 109-111 69-6 10-5 69-4 5-3 10-45 
4 
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was conveniently obtained by reduction of tetrahydropyran-2-ol with sodium boro- 
hydride. The monomethy] ethers were readily obtained by treatment of the diols with 
ca. 0-3 mole of sodium followed by methyl iodide.’ 

1,4-Dimethoxybutan-2-ol was obtained from cis-but-2-ene-1,4-diol. Treatment 
of the olefin with silver oxide and methyl iodide gave the dimethyl ether which reacted 
slowly with perbenzoic acid in chloroform at room temperature affording erythro-2,3- 
epoxy-1,4-dimethoxybutane. Oxidant was slowly consumed when an aqueous solu- 
tion (pH 4:5) of the epoxide also containing sodium periodate was stored, due to 
slow hydrolysis of the epoxide. Treatment of the epoxide with boiling 0-1 N- sulphuric 
acid afforded a product, presumably 1,4-di-O-methyl-pL-threitol, which rapidly con- 
sumed | mole of periodate. The more rapid epoxidation of cis-but-2-ene-1,4-diol® 
than of its dimethyl ether is probably due to an intramolecular hydrogen bonding 
effect analogous to that observed** for cyclohex-2-enol. Reduction of erythro-2,3- 
epoxy-1,4-dimethoxybutane with lithium aluminium hydride gave 1 ,4-dimeth 10xybutan- 
2-ol. The structure of this compound may be allocated on analogy with reactions of 
other epoxides® and it is substantiated by the facts that it did not react with periodate 
or yield any periodate oxidizable product on treatment with boiling 0-1 N-sulphuric 
acid, 

4-Methoxybutane-1,2-diol and 4-methoxybutane-1,3-diol were prepared from bu- 
tane-1,2,4-triol. Acid catalysed condensation of the triol with acetone gave 4-(2’- 
hydroxyethyl)-2,2-dimethyl-1,3-dioxolan. Methylation of the cyclic ketal followed by 


acidic cleavage of the ketal group gave 4-methoxybutane-1 ,2 


2-diol. The diol consumed 
0-95 mole of periodate thereby confirming the structure. 

Acid-catalysed condensation of butane-1,2,4-triol with benzaldehyde gave a 
mixture of cyclic acetals in which 4-hydroxymethyl-2-phenyl-l,3-dioxan predominated 
as demonstrated by the following facts. Methylation of the cyclic acetal mixture 
followed by acidic hydrolysis of the acetal group from the product afforded a mixture 
of methoxybutane diols which consumed 0-05—0-1 mole of periodate. Therefore the 
original cyclic acetal mixture contained only 5-10 per cent of 4-(2’-hydroxyethyl)-2- 
phenyl-1,3-dioxolan. p-Phenylazobenzoylation® of the cyclic acetal mixture gave 71 
per cent of a pure ester indentified as a 2-phenyl-4-p-phenylazobenzoyloxy-1,3-dioxan 
since, after application in sequence of saponification, methylation and acidic 
hydrolysis, a methoxybutane diol was obtained which was different from 4-methoxy- 
butane-1,2-diol and 2-methoxybutane-!,4-diol (as revealed by comparison of the 
p-phenylazobenzoates) and therefore must have been 4-methoxybutane-1,3-diol. 
Authentic 2-methoxybutane-1,4-diol is 

With one exception, the alcohols in the tables gave crystalline p-phenylazoben- 
zoates thus further exemplifying the value of this derivative for characterization.® 

he infra-red spectra in the hydroxyl stretching region of the alcohols in the table 
were determined for 0-005 M solutions in carbon tetrachloride. At this concen- 
tration intermolecular hydrogen bonding is insignificant“ and the proportion of free 
and intramolecularly bonded hydroxyl groups may be assessed* approximately from 
the extinction coefficients of the relative absorptions. The arithmetical difference, Ar, 


between the frequencies (v) for free and bonded hydroxyl is an index of the strength 


* R. Pummerer and M. Schénamsgruber, Ber. Disch. Chem. Ges. 72, 1834 (1939) 
* W. G. Overend and G. Vaughan, Chem. & Ind. 995 (1955) 
*N. Baggett, A. B. Foster, A. H. Haines and M. Stacey, J. Chem. S 3528 (1960) 


°K. Brennecisen, C. Tamm and T. Reichstein, Helv. Chim. Acta 39, 1233 (1956). 
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of the hydrogen bond? and also reflects the size of the ring formed by the intramolecu- 
lar hvdrogen bond®. Thus. for the series HO.(CH.,),-OH the Av values for five (n 2). 
six (n +). and 76, and 156 respectively 


No absor oT nvare id detached lor HOW. H } OH 
These 


s the proportions of free and bonded hydroxy! groups for 


members of the ser HO(CH.)..OH and attentio vas therefore turned to the series 


w and where only one intra ecular hydrogen bond 


ynize 

ers of 

than 

and 

Kuhn 

vethanol 

AY 

VISC 

oth free 

hydroxyl 

ncy tor 

for free hydroxy! 

vn bonds are too 

the ring formed by 

bered, a 

» decreases thereby reflecting 

he a conformation suitable for 

ilar hydrogen bond. What little evidence their ts 

indicates that intramolecular hydrogen bonding involving a four-membered ring 

does not occur. Thu ly one hydroxyl group in §,5-dihydroxy-2-phenyl-1 ,3- 

dioxan is intramolecularly hydrogen bonded and this involves the ring oxygen atoms 

Restriction of rotatior suitable compounds may permit intramolecular hydrogen 

bonding to give rings with more than eight members. Certainly, restriction of rotation 

about the bond between the carbon atoms carrying the hydroxy! groups in vicinal 

diols has a marked effect on Ay as illustrated by the series ethane-1,2-diol (26), cyclo- 

hexane-cis-1,2-diol (39)*, cyclopentane-cis-1,2-diol (61)° and exo-« is-2,3-dihydroxy- 

bicyclo-[2,2,1}-heptane (103). In addition to restriction of rotation, the presence of 

bulky groups may cause molecular deformation of vicinal diols with consequent 

increase of Avr in certain cases The effect is illustrated by the series H¢ ICH,.€ H,. 

OH(26), (Me,CH),.COH.CH,OH (70), threo-Me,C.CHOH.( HOH.CMe, (94) and 

(Me,C),.COH.COH.(CMe,), (170) and has been discussed by Kuhn.* The range of 

Ay values for vicinal diols therefore overlaps that for 1,3-diols. However, for the 

compounds in the table, effects of the above types will be of little significance and 
the Av values can be confidently associated with ring size 


1 F. T. Wall and W. F. Claussen, J. Amer. Chem. Soc 61, 2679 (1939). 
5 A. Mills. Ade. Carbohyd. Chem. 10, 1 (1955) 

1H. Kwart and W. G. Vosburgh, J. Amer. Chem. Soc. 76, 5400 (1954) 
“1. P. Kuhn. J. Amer. Chem. Soc. 80, 5950 (1958). 


can be formed for cac Wall and © spectra OF tne 

7a series EtO(CH.),.OH but since they used a spectrometer equipped with a rock salt 
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The hydrogen bond patterns observed for the series HO (CH,),.OH and MeO.- 
(CH,),.OH may be used to assign absorptions for more complex molecules. Two 
intr: hydrogen bonds are possible for 1,4-dim 1ethoxybutan-2-ol involving 
five- and SIX membered rings Absorption for free hydroxyl groups could not be 
detected for this alcohol and the Av values 31 and 91 (calculated on the basis of 


absorption at 3629 cm™ for free secondary hydroxyl groups”) for the observed absorp- 


tions 3598 (2 45) and 3538 cm™' (¢ 28) correspond well with those (31 and 87) for 
MeOQ(CH,),.OH and MeO.(CH,)..OH. The relative extinction coefficients indicates 
that the five-membered ring predominates. From a consideration of molecular models 
it is clear that the conformation of 1,4-dimethoxybutan-2-ol which contains a planar 
zig-zag arrangement” of the carbon chain will allow either or both intramolecular 
hydrogen bond. Thus, in the absence of adverse steric effects, a hydroxyl grou up will 
tend to form an intramolecular hydrogen bond involving a five-membered ring not 


but in preference to one giving a six-membered ring 


2,4-triol 


er possibilities 


for bonding of primary and secondary hydroxy] groups with the formation of five-, 
six- and seven-membered rings. Thus, 4-methoxybutane-!.3-diol showed absorption 
at 3641 cm™' (2 49) for free hydroxyl and at 3597 (A; 44. 74) and 3562 cn (Ay 79. 

79) for bonded hydroxyl groups involved in five- and six-membered rings. The 
absorptions may be assigned to the C,.OH C,.O and hydrogen 


bonds respectively (1). By analogy with MeO.(CH,),.OH the C,.OH would be expected 
to be almost completely bonded to C,.O thereby reducing its basicity and diminishing 
the tendency to form a hydrogen bond with C,.OH. In fact no absorption could 
be detected which might be associated with a C,.OH — (¢ ».O hydrogen bond. By 
further analogy with MeO.(CH,),.OH, the C,.OH would be expected to be incom- 
pletely bonded to C,.0 and this is reflected by the absorption for free hydroxyl. The 
conformation of 4-methoxybutane-]1 ,3-diol in which the carbon chain has the favoured™ 
planar zig-zag arrangement allows simultaneous formation of the € OH — C,.0 and 
C,.OH — C,.0 hydrogen bonds 
Che spectra of 4-methoxybutane-1,2-diol and 2-methoxybutane-1,4-diol were more 
complex, each showing three absorptions for bonded hydroxyl groups in addition to 
absorption for free hydroxyl. The main absorptions (3597 cm~', Ay 44, e 60 and 
3534 cm™, Av 107, & 57) for 4-methoxybutane-1,2-diol may be assigned to 
C,OH-C,.O and C,.OH hydrogen bonds (II). A C,.OH C,.O 
hydrogen bond is more likely than a C,OH -> C,.0O bond because of the greater 
acidity of the primary hydroxyl group. Preferential hydrogen bonding of secondary 
hydroxyl groups to a tertiary hydroxyl oxygen atom has been demonstrated by 
Cole and Jefferies. The cumulation of hydrogen bonds C,.OH — C,.O and 
C,.OH —> C,.O can occur in that conformation of the molecule which has a planar 
zig-zag carbon chain. A different conformation would be necessary to allow the 
C,-OH -+ C,.O hydrogen bond which does occur to some extent (3439 cm, Ay 202, 
e 18) probably because the C,.OH is incompletely bonded to C,.O. This also accounts 
for the absorption for free hydroxy! (3641 cm! e 33). The Av values (107 and 202) 
respectively associated with the C,.OH —+ C,.O and C,.OH — C,.0 hydrogen bonds 
are significantly larger than those (87 and 180) for MeO.(CH,),.OH and MeO. 
(CH,),-OH and they indicate stronger hydrogen bonds. 


18S. A. Barker, E. J. Bourne and D. H. Whiffen, J. Chem. Soc. 905 (1952). 
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Absorption (3641 cm \_ ¢ 29) for free hydroxyl in 2-methoxybutane-1 ,4-diol is 
ronger than each of the absorptions for bonded hydroxyl groups, W hich progressiv ely 


diminish with increasing ring size and may be assigned to the following hydrogen 
bonds C,.OH C,.0 (3597 cm™, Av 44, ¢ 21), Cy.OH > C,.0 (3556 cm Av 85, 15) 
and C,.OH «> C,.OH (3500 cm, Av 141, ¢ 11). The relatively large proportion of 
free hydroxyl groups is possibly due to the competition of C,.OH and C,.OH in 


hvdrogen bond formation with C,.O, a factor which could also account for the 


re 


latively extensive forma of the C,.OH«+ C,.OH hydrogen bond 


that. for compounds containing a limited number of 


hvdroxy! group he pattern tram lar hvdrogen bonds may be of value in 


structural studies. It is al lear. that, for polyhydroxy compounds a complex pattern 


of 


m 


is 
is 


intramolecula! irogen nas hich rings of five, Six and seven 


embers W ill be 


obtained by fractional distillation 


zable impurity 
reaction with 


2 phenyl- 


15 min and 
h potassium 


aqueous Was 


ed (K.CO,) extract and 


cted with ether 


distilled to yield 


d’ was used to obtain 
b.p. 122°/~760 
150/~760 mn 4150; 4-methoxybutanol’* b.p 
b p 94-9¢ ~ 2mm, ] 4997 
Redistillation of commercial butane-1! ,2,4-triol 


The triol consumed | mole of periodate under 
t was homogeneous on paper ionophoresis™ in borate buffer pH 10 (M, 0 22) 
kelheide, L. Liberman, J. Figueras, C. Krespan, F.C. Pent 
3303 (1949) 
i in. J. Amer. Chem. Si 56, 126 (1934) 
M Palomaa and R. Jansson, Ber. Dtsch. Chem. Ges 64, 1606 (1931). 
E. L. Jackson, Org. Reactions 2, 361 (1944) 
A. B. Foster, Chem. & Ind. 1050 (1952); J. Chem. So« 982 (1953). 
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and in paper chromatography [R, 0-47 for the organic phase of a butanol-ethanol-water (4 : 1 : 5) 
solvent system] and detection with silver nitrate.” 

A mixture of benzene (100 ml), butane-1,2,4-triol (6 g), benzaldehyde (6-6 g, 1-1 moles) and conc 
sulphuric acid (4 drops) was boiled under reflux for 1-5 hr in an apparatus which permitted the 
collection of water from the azeotrope. The acid was then neutralized with potassium carbonate, the 
solution was filtered, concentrated and the residue distilled to yield a mixture of O-benzylidene 
derivatives (5-0 g, 43°%) b.p. 125-126°/0-2 mm, mj’ 1°5338. (Found: C, 68-1; H, 7-2. CyH,,O, 
requires: C, 68-0; H, 7-3°,). Using Jacksons’ method” the product was found to contain ca. 5% of 
periodate oxidizable material 

The mixed O-benzylidene derivatives (1-9 g) were dissolved in benzene (50 ml), sodium wire(2 g) was 
added and the mixture was boiled under reflux for 23 hr. Thecooled solution was decanted from excess 
sodium, methyl iodide (5 g) was added and the solution was boiled under reflux overnight. Thecooled 
solution was filtered, concentrated and the residue distilled to yield mixed methyl ethers (0-9 g, 45%) 
b.p. 151-153°/12 mm, ny 1-5112 (Found: C, 68-95; H, 7-9. C,,H,O; requires: C, 69-2; H, 7-8%). 

A solution of the mixed methyl ethers (0-94 g) in N-sulphuric acid (12 ml) was shaken overnight at 
room temp. After extraction with light petroleum (b.p. 60-80°) to remove benzaldehyde the acid 
was neutralized with potassium carbonate and the solution was extracted continuously with chloro- 
form for 24 hr. Concentration of the extract and distillation of the residue gave a mixture (0-24 g) of 
iol and 4-methoxybutane-1,2-diol b.p. 77-80°/0-04 mm, np’ 1:4496 (Found: 


4-methoxybutane-1,3-d 
C, 50-3; H, 10-2. C,;H,,O, requires: C, 50-0; H, 10-1). Oxidation of the mixture using essentially 
Jackson’s procedure ’ indicated the presence of 5—-10°. of 4-methoxy butane-1,2-diol 

4-Hydroxymethyl-2-phenyl-\ ,3-dioxan. A solution of the mixed O-benzylidene derivatives of 
butane-1,2,4-triol (5-6 g) described above, in pyridine (100 ml), was treated with p-phenylazobenzoyl 
chloride (8 g) at 100° for 3 hr. The p-phenylazobenzoate was isolated as previously described® and 
recrystallized from benzene to yield 2-phenyl-4-p-phenylazobenzoyloxymethyl-| ,3-dioxan (8 g, 71%) 
m.p. 164-166° (Found: C, 71-4; H, 5-4; N, 7:2. Cy,H»2N,O, requires: C, 71-6; H, 5-5; N, 7-0%). 

A mixture of the p-phenylazobenzoate (7-6 g), ethanol (250 ml) and potassium hydroxide (5 g) was 
boiled under reflux for 10 hr. The cooled solution was filtered, concentrated, then diluted with water 
and extracted continuously with chloroform for 24 hr. The extract was washed twice with water (50 
ml) dried (Na,SO,), concentrated and the residue distilled to yield 4-hydroxymethyl-2-phenyl-1,3- 
dioxan (3-1 g) as a pale yellow oil b.p. 146° /0-2 mm ny 1-5356 (Found: C, 68-0; H, 7-5. C,H,,O; 
requires: C, 68-0; H, 7:3%,) 

4-Methoxybutane-1,3-diol. 4-Hydroxymethyl-2-phenyl-1,3-dioxan (2:12) was methylated as 
described below to yield 4-methoxymethyl-2-phenyl-1,3-dioxan (1:3 g, 60%) b.p. 162-164°/12 mm, 
ny, 1-5128 (Found: C, 69-05; H, 8-1. requires: C, 69-2; H, 7°8%) 

rhe methyl ether (1-1 g) was hydrolysed by the method described above to yield 4-methoxy-butane- 
1 ,3-diol (0-33 g, 50°) b.p. 130°/12 mm, ny” 1-4472 (Found: C, 50-1; H, 10-1. C;H,,0, requires: 
C, 50:0; H, 10-1°,). Oxidation of the compound using essentially Jackson’s method’* revealed that 
it contained <2-5°, of periodate oxidizable material. The mixed m.p. of the di-p-phenylazobenzoate 
of the product (m.p. 109-111") with the di-O-p-phenylazobenzoate of 4-methoxybutane-1,2-diol 
(m.p. 113-114°) was 93-100 

4-Methoxybutane-|,2-diol. Butane-1,2,4-triol (7 g) was added to acetone (50 ml) containing a few 
drops of conc sulphuric acid and the mixture was boiled under reflux for 24 hr. The solution was 
neutralized with potassium carbonate, filtered and concentrated. A solution of the residue in chloro- 
form was washed with aqueous potassium carbonate, dried (Na,SO,), concentrated and the residue 
distilled to yield 4-(2’-hydroxyethyl)-2,2-dimethyl-1 ,3-dioxolan (5-7 g, b.p. 100-102°/12 mm, np 
1-4389 (Found: C, 57-2; H, 9-4. C,;H,,O, requires: C, 57:5; H, 9°7%) 


4 <0-005 M solution of the cyclic ketal in CCl, showed 7,,,, at 3641 (e 39) and 3566 cm 


x 


1 


(e 37) for free and intramolecularly bonded hydroxy! gro Ips 


Sodium wire (2 g) was added to a solution of the dioxolan derivative (5-12 g) in dry benzene (50 ml) 


and the mixture was boiled under reflux for 24 hr. The cooled solution was decanted from excess 
sodium, methyl iodide (10 ¢) was added and the solution boiled under reflux for 24 hr. The cooled and 
filtered solution was concentrated and the residue distilled to yield 4-(2’-methoxyethyl)-2,2-dimethyl- 


1 ,3-dioxolan (2-5 g, 45°.) b.p. 175-178°/760 mm, ny 1-4220 (Found: C, 60-4; H, 10:2. C,H,,O; 
requires: C, 60-0; H, 10-1°,) 


31 W. E. Trevelyan, D. P. Proctor and J. S. Harrison, Nature, Lond. 166, 444 (1950). 
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A solution of the above methyl ether (2 g) in N-sulphuric acid (25 ml) was stored at room temp 


for 24hr. The acid was neutralized with potassium carbonate and the solution was continuously 
extracted with chloroform for 24 hr. The dried (Na,SO,) extract was concentrated and the residue 
distilled to vield 4-methoxybutane-\ ,2-diol (1.36 g) b.p. 123-124°/12 mm, ny | 4460 (Found: C, 50-1; 
res: C. 50-0: H, 10:1°%). Oxidation of the compound using essentially 

ptake of 0 5 mole periodate 
red by essentially the method of Brenneisen et a/.'® the compound 


C. 49-9: H, 10:3. Calc. for C,;H,,0O,: C, 50-0; H, 


is-but-2-ene® (10 g, b.p. 95-97°/0-5 mm, ny” 14782) 


poruionwise vorously stirred mixture 
the boiling contu ued 

The extract was 

4-dimethoxy-cis- 


36 mm, 1-4220 


chloroform 
iqueous 

tion of the residue 
4250 (Found: C 
odate (0-04 


reguires: ¢ 


100° f 3hr did not yield any periodate 


were prepared using the method previously 


oroform solutions of the crud rs through alumina tn order 


to remove conti ating p-phe benzoic acid. The yields and s. of the esters are recorded 


in the tal 

Infra-re l 1. The spectra in the hydroxy! stretching region were obtained from CCI, solutions 
of the alco i cm lave tu i quartz cells) bv means of a | nicam S.P. 100 spectrometer 
equipped w i grating (3000 li Tu Frequencies were checked against water vapour and 
ammonia The CCl : ; tedly distilled from phosphorus pent xxide before use. The 


concentrat vs 0-005 M in order to eliminate intermolecular hydrogen 


bonding nct oefl it are maximum values and are equal to (1/c/) logy) 7) with 
a 0-005 M solution could not be obtained and a saturated 


ent tions of these solutions were not determined and consequently the 


cm and « 

solution was used. The co 
icients for absorptions of free and bonded hydroxyl groups for these c ympounds are 

not absolute values and should not be compared with extinction coefficients obtained for other com- 


pounds. For a given con pound the extinction coefficients for absorptions of free and bonded 


hydroxyl groups may be compared 


Acknowledeements—The authors thank the British Cotton Industry Research Association for the 
use of the Unicam S.P. 100 spectrophotometer and Dr. H. Spedding for assistance in determination of 


the spectra and helpful discussion 


22 A. W. Johnson. J. Chem. Soc. 1009 (1946) 
3G. Braun, Org. Synth. Coll. Vol. 1. 431 (1932) 
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Abstract—A new route for the preparation of patulin-oxime, and other carbonyl derivatives of 
patulin, in a substantial yield, starting from acetylenic compounds, is described 
Chemical and theoretical evidence is presented for stereomutation in the preparation of carbonyl 


derivatives from patulin 


AMONG metabolites of micro-organisms, patulin' occupies a unique position. While its 
structure was a matter of great controversy, until Woodward and Singh** proposed 
the correct structure, no serious efforts have been made to synthesize it. In the syn- 
thesis reported by the authors®’ no experimental details are given and the yields 
reported are rather discouraging. 

he results obtained in an attempted synthesis of patulin, taking advantage of the 


great versatility of acetylene compounds, are here described. 


Recently, the easy isomerization of substituted propargylidenmalonic® (I, R’ 
CO,H) and cis-propargylidenacetic acids* (I, R' = H) to y-methylenbutenolides (II), 


has been reported 


This reaction has been widely used to prepare synthetic methylenbutenolides, with 
biological activity,” and seemed a promising route for the preparation of natural 
methylenbutenolides, such as protoanemonin (II, R and R H) and patulin (V). 
Actually, protoanemonin seems to be spontaneously formed when cis-pent-4-yn-2-enol 
is oxidized to the corresponding acid*’ (I, R and R’ H). 


* A preliminary note was presented at the XXXII International Congress of Industrial Chemistry, held 

in Barcelona, October 1960 

1 See references collected in W. Karrer, Konstitution und Vorkommen der organischen Pflanzenstoffe p. 448. 
Birkhauser Verlag, Basel und Stuttgart (1958); E. H. Rodd, Chemistry of Carbon Compounds IV B; p. 837. 
Elsevier, New York (1959) 

22 R. B. Woodward and G. Singh, J. Amer. Chem. Soc. 71, 758 (1949); Experientia 6, 238 (1950); Nature, 
Lond. 165, 928 (1950); J. Amer. Chem. Soc. 72, 1428 (1950) 

3 J. Castaiier and J. Pascual, J. Chem. Soc. 3962 (1958) 

4¢ P_ K. Christensen, Acta Chem. Scand. 11, 5782 (1957); P. K. Christensen, N. A. Sorensen, I. Bell, E. R. H. 
Jones and M. C. Whiting, Festschrift Arthur Stoll p. 545, Birkhauser, Basel (1957); * I. Bell, E. R. H. Jones 
and M. C. Whiting, J. Chem. Soc. 1313 (1958). 

5 J. Pascual, J. Castells and F. Serratosa, Memoria Ayuda Fundacién Juan March Grupo Ul. 1958-1960. 
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Similarly, patulin could be hypothetically derived from an open-chain en-yne, such 
as III, according to the sequence: 


HOCH =—C==C—C=CH— COOH 
CHO 
Vv 


but, if “few known substances contain as many reactive groupings, combined so 


compactly, as does patulin”’,~* its hypothetic progenitor (III) shows a panoramic view 


of the aliphatic chemistry, and ought to be prepared with all its groups conveniently 


protected to hydrolyse them selectively and control its reactivity 


The stereochemistry of the synthesis requires a cis-configuration of the carboxyl 
group to the triple bond in structure 11, and the same cis-configuration in the newly 
formed double bond of IV. It was thought that both requirements would be easily 
met, even if the nucleophilic addition of the carboxyl group to triple bond were trans, 
as has been sugg ice an o , O-unsaturated carbonylic system, as is present 
in IV, should have a low eners isomerization 

The analysis of structure uggested a Wittig reaction, between the acetylenic 
ketoacetal (VI) and the wel own carbomethoxymethylen-triphenylphosphorane 


(VIL), to synthesize the key intermediate (VIII) 


ROCH C#C—CO—CH(OCH,) (C.H.).P CH—COOCH 
Vil 


acetal (V1), a synthesis of «-ketoacetals 

Grignard derivatives, was undertaken 

pargyl alcohol—as tetrahydropyrany! 

with N-dimethoxyacetyl-piperidine (X), the acetylenic 


et 


oacctal 


OM 
f 
a, R H 
T* 
| 
CH,OCO —C —H 
ROCH, —C —C —CH(OCH,) 
4 Vill 
J For the preparation of the 
by Wol | ind l anee . ipplic 
Thus, when the Grignard d 
ether (LX) IS allowed It react 
(VI b) is obtained 
N 
TOCH C CMg8r + CH, 20 N TOCH CHIOCH, 
OMgBr 
Ix x x 
; 
* T refer the tetral jropyranyl group 
oo. * A. Wohl and M. Lange, Chem. Ber. 41, 3612 (1908) 
: 
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The intermediate complex (XI) resists further reaction and no tertiary alcohol is 
formed, even with an excess of Grignard reagent, and by using the usual addition 


technique. 
Although Wohl and Lange,® and more recently Wright,’ hydrolyse the inter- 
mediate complex by means of a very weak acid, such as ammonium chloride, in the 


present case so mild a treatment leads to a product, which on distillation affords only 


starting materials together with considerable amounts of resins. The intermediate is 


even stable in aqueous solution of tartaric acid. However, hydrolysis with dilute 


sulfuric acid leads, in fair yields, to the acetylenic ketoacetal (VI b), easily distillable 


at high vacuum, and identified by its infra-red bands at 2212 (m) and at 1689 (s) cm=! 
(in Cl,C) (a very weak band at 1647 cm~ is also present, even after redistillation, 


indicating the presence of some amide (X) as impurity). These results parallel those 


of Jones et al.* in the synthesis of acetylenic aldehydes from dimethylformamide, but 


the presence of acid sensitive acetal groupings in the ketoacetal (VI b), necessitates an 


adjustment in the strength of the acid hydrolysis. 


Since the intermediate complexes from N-disubstituted amides and either alkyl, 


or arylmagnesium halides are successfully hydrolysed with weak acids,®»*»* and high 


yields of carbonyl compounds are obtained, the acetylenic triple bond must be 


responsible for the slow rate of hydrolysis, and intermediates of the type must be 


R—C=C—C—NH 


postulated. They can give either carbonyl compound (probably through imonium 


salts), or starting materials, depending upon the acid hydrolysis conditions and the 


nature of acetylenic component 
The stability of the tetrahydropyranyl grouping, usually so sensitive to mineral 


acids, in the sequence leading to the acetylenic ketoacetal (VI b), deserves comment. 


It can be related to a conjugation of 7-p type, across a saturated carbon atom, between 


the ether bridge and the conjugated system, the ether oxygen atom becoming 


sufficiently electron-poor to repel the attack of a proton (XII). Similar interactions have 


been reported, and correlated with the ultra-violet absorption.’” 


The condensation of the acetylenic ketoacetal (VIb) with carbonmethoxy- 


methylen-triphenylphosphorane (VII), affords the key intermediate (VIII b), as 


anticipated 


* The results and the interpretation of infra-red data in similar cases, favors such supposition, and it will 


J. B. Wright. J. Amer. Chem. Soc. 77, 4883, (1955). 
* E. R. H. Jones, L. Skattebol and M. ¢ Whiting. /. Chem. Soc. 1054 (1958) 
* J. Sicé, J. Amer. Chem. Soc. 75, 3697 (1953) 
1° Ann. Reports $1, 167 (1954). 
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Ester VIII b is a mixture of cis and trans isomers, the former being predominant, as 
could be predicted by the relative volume of the groups involved. As a trisubstituted 
olefinic system, correlations in the infra-red are difficult and the characteristic 
splitting of the C—O stretching of esters cis-R-——-C@C—CH=-CH—CO,Me" is not 
clearly observed. Bands at 2212 (w), 1733 (s), 1715 (sh), and at 1623 (m)cm™' are 


present, in carbon tetrachloride as a solvent 


The mixture of esters is hydrolysed in alkaline medium to the parent acids (XIII), 
neither being tsolated in a pure condition The cis-acid spontaneously cyclizes to 
butenolide (XIV). the reaction be g catalysed by traces of Ag Ihe trans-acid is 
removed iron tne mixture ry Od! Dicarbonate extraction and on tne Dasis ol 
infra-red evider gives also butenolide (XIV). by isomerization to the cis isomer 


the ison 


tne generally accepted frais addition 


in patulin, and 


tnere 


like 
other y-methylen -butenolides’:* and patulin itself [herefore, Grove’s assump- 
tion that two diflerent specic are present in patulin 1 lot consistent Instead, 
the doublet at 1780-1740 « seems to be intrinsic to certain v-ylidenbut-z.//-enolide 


systems 


Mineral acid treatment of butenolide (XIV) removes the tetrahydropyranyl group 
and gives the corresponding hydroxy compound (XV). The acid hydrolysis in the 
presence of hydroxylamine hydrochloride of either product gives a crystalline oxime 
(XVI) identical, in all respects, with oxime from natural patulin.™ Infra-red spectrum, 
not previously reported, shows bands at 3333-2700 (s), 1745 (s), 1667 (w), 1623 (w), 
and at 1585 (m) cm™ (in KBr) 

Since the synthetic product has a frans-configuration, the opening of the cyclic 
hemiacetal function in natural patulin, to give carbonyl derivatives, must proceed 
with isomerization. Atomic models illustrate the manner in which cis forms are 
hindered, unless cyclization takes place, as in patulin itself. The postulated acid- 
isomerization, similar to that of cis-x,/-ethylenic acetals to the free trans-aldehydes,"” 
can be easily visualized (XVII) 

The stereomutation in the formation of carbonyl derivatives from patulin, is also 
evidenced by the fact that the oxime is better prepared from the synthetic product XIV 
or XV than from patulin. From the latter, several recrystallizations are necessary to 
get a sharp melting point of the derivative, and observation of the crude oxime in the 
Kofler microscope shows clearly a mixture of crystals. Probably, the initial derivative 


* Work in progress in this Laboratory 
+ Note added in proof: Recently we have been acquainted with the paper by R. N. Jones et al. (Canad. J 


Chem. 37, 2007 (1959)] where the splitting of the ¢ © stretching band ts established as a general feature in 
certain types of unsaturated lactones. The solvent effects observed are also in agreement with our observa- 


thons 


"J. L. H. Allan, G. D. Meakins and M. C. Whiting, J. Chem. Soc. 1874 (1955) 

RR. A. Raphael, J. Chem. Soc. 2433 (1959) and references therein 

3 J. F. Grove, J. Chem. Soc. 883 (1951) 

“ F. Bergel, A. L. Morrison, A. R. Moss and H. Rinderknecht, J. Chem. Soc. 415 (1944). 
% R. A. Raphael and F. Sondheimer, J. Chem. Soc. 2693 (1951) 
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Butenolide (XIV) ha chromophore ir to the one present is q : 
4 accord nelv shows sir ilar ultr “Viol absorption In the i-red rm 


An acetylenic approach to patulin derivatives 


0 


CHI(OCH,) 
XIV 


from patulin has a cis-configuration (XVII), and slowly rearranges to the more stable 


trans-isomer. If, ‘ntual it crystallizes rapidly from the reaction mixture, a 


product v ith unsharp melting point, starting at 114°, and broad bands in the infra-red 


spectrum 1s obtained. Consequently, the oxime Is a derivative of the hyp thetic 


“tral s-patulin™ 

Other carbonyl derivatives, such as phenylhydrazones, are conveniently prepared 
from the oxime, by the usual technique, and their physical constants agree with 
previously reported data i 

The attempts to hydrolyse the dimethylacetal (XIV or XV), and the subsequent 
isomerization to patulin, have been unsuccessful the acetal group showing an unusual 
stability to acids. Stronger acid hydrolysis leads to sugar-like alteration products, 
rather than to the expected compounds Sulphuric, hydrochloric, perchloric, acetic 


and formic acids have been tried 
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Isomerization of the dimethylacetal (XV) by ultra-violet light, whether in acid 
medium or not, with an eventual infra-transacetalization leading to patulin or its 
methylether™ also failed, and again none of the desired products could be detected. 

The dimethylacetal can be regarded as a glyoxylic acid vinylog, or as a substituted 
fumaric acid semialdehyde, and this could explain the stability of the ortho-form and 
its breakdown under more drastic acid conditions. Hydrolysis with formic acid 
probably gives, on the basis of infra-red data, the aldehyde diformate (strong extra 
bands at 1727 and 1180 cm™'). Accordingly, the hypothetic “trans-patulin” should be 
formulated as XVIII, and this structure justifies the sugar like products formed in 


acid conditions, and the infra-red spectra, in the “finger-print” region, resemble 


those of sin polyhydroxylated compounds (i.e.. ascorbic acid) 


EXPERIMENTAI 


(14-0 
from 
piper 
under ref! hi left overnight vas then nt ill NH,SO, 
generated distilled 


112-115° (9-45 


(4-0 @) 
53 \ ¢ present as impurity, 


6160) (cyclo- 
hexane) 


Methyl 6-(2’-tetrahydropyrany 3-dimet ymethyl-hex-4-yn-2-enoate b 


Mtion 


hed with 


Most of the 


d, and the 


de was precipitated with petrol et! he petrol ether extract was 


x 


nd the oily residue distilled a eh vacuum fractior 114-115 


60 vield) 


The analytical sample was a pale yellow liquid, m;, 5 <« 257 11-400) (cyclo- 


hexane) (Found: C, 60-5; H, 7-6 C,,H,.O, requires: C, 
}- XIN 
(a) Hydrolysis. Ester (VII b, 3-7 g) was treated with 0.5 N NaOH (32 ml) and the mixture 


1% H. B. Henbest, E. R. H. Jones and I. M. S. Walls, J. Chem. Soc. 3646 (1940) 
7 CO. Isler, H. Gutmann, M. Montavon, R. Riiegg, G. Ryser and P. Zeller, Helv. Chim. Acta 40, 1242 (1957) 


oa Ultra-violet spect were determined with an Uvispek Hilger Spectrophotometer, and the infra-red 
ae spectra rec rded an Infrae / Perkin-Elmer Spectrop eter cquipped wilh rock Sait Optics : 
N- Dimethoxyacetvi-f ‘ x 
A x tat AR nd niner ml) was set for 48 hr 
foe smooth exothe c re k viace. The me nol for i was distilled off (18-5 ml), thi ha ; 
“ene column packed th Fenske helice d the excess piperidine re ved iC ! The re ning ; . 
product w listilled at vacuum, collec ya single frac yield), b.p.,., 86-88 
1-4708 (Found: C, 57-6; H, 91; N, 7-35 C,H,;NO, requires: C, H, 9-15; N, 7-5°%) 
V1 b 
nder n try snohere fied nitrogen a soluth m of tetr ahvdropvranv! proparevl ether'® i 
A solution of the acetylenic ketoacetal (VI b, 5-8 g) and carbomethoxymethylen-triphenyl- 
phosphorane’*’) (8-0 g) benzene (160 ml) was refluxed, under nitrogen, for 24 hr. The dark soma 
: was passed through a colum { neutr aluminium oxide (100 ml), and the column was 
ees ether (300 ml}. The solvents were removed, and the semisolid residue treated with ether. EE 
nn triphenylphosphine oxide crystallized nd was filtered off. The filtrate was evaporatci= 
evaporated once again, 
bein 
> 
= 
: 
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vigorously shaken for 2 hr. The homogeneous solution, after standing at room temp for a further 
4 hr, was filtered, washed with ether and, cooling with ice, was acidified with dil sulphuric acid. 
The cloudy emulsion was extracted with ether, and the combined ether extracts were washed with 
water and dried. Evaporation of the solvents at room temp gave the acid as a yellow syrup, the 
infra-red spectrum indicating a pure acid; Amax 246 mu (e ~11.000) 

(b) Isomerization. The crude acid was dissolved in methanol (17 ml) and 2 drops of aqueous silver 
nitrate solution (4°) were added. An exothermic reaction took place, and the mixture was left 4 hr 
at room temp. The methanol was removed, and the oily residue extracted with ether, filtered, and 
washed with sodium bicarbonate solution (Sol. A) and water. The ether solution was dried and 
evaporated, affording butenolide (XIV; 2:8 g; 80°, yield) as a yellow oil. Distillation at high vacuum, 
b P-o-01 137-138", gave pure butenolide (2:1 g; 60 yield) 

The analytical sample was a yellow oil, mp 1-5165; Amax 281 my ( 12-400) (ethanol) (Found: 

, 58-8; H, requires: C, 59-1; H, 

When the sodium bicarbonate solution (Sol. A) was acidified and extracted with ether, impure 

trans-acid (0:25 g: 7°. yield) was obtained 1romatography over silica gave a fairly pure trans-acid, 


with some lactonic impurity; / 250 mu (ethanol) (Found: C, 59-4; H, 7-6°4). 


}- ( patulin-dimethylacetal) XV 


Butenolide (XIV 1-3 g) was treated with dil 1 N HCI (16 ml) the mixture was shaken for | hr, and 


then set aside for 24 hr. The yellow solution was neutralized with silver carbonate, filtered, and the 


water removed in vacuo. (Alternati the acid solution was neutralized with barium carbonate, 


filtered and extracted with ethyl acetate). The residue was extracted with ether, dried and evaporated, 


g gh vacuum for several hr) 


vielding the product isa low oil (0-70 g: 76 yield, dried at hi 


4 sample redistilled for analysis (bath temp 130 press 0-001 mm) gave an almost colorless oil; 


276 mu 12-200) (ethanol) (Found: C, 54-5; or »H,,0, requires: C, 54-0; H, 6:0°%%). 


Patulin-oxime XV 


Freshly distilled butenolide (XIV, 0-50 ¢) was treated with a solution of hydroxylamine hydro- 


chloride (1-0 g) in 1 N HCI(5 ml) and the mixture shaken until a homogeneous solution was obtained. 


The oxime slowly crystallized during about 2 ays and after recrystallization from water (colorless 
needles; 0-21 g; 7 yield) had m.1 5—154 ind mixed m.p. with an authentical 
sample from patulin** 52-15 5 m 9-000, 19-000) (ethanol) 
(Found: C, 50-0: H, 4 , requires: C, - , 42; N, 83%) 

Similarly, patulin-oxime was prepared from hydroxy-butenolide (XV), with somewhat lower 


vields 


icknowle ments The auth wishes to wledge his indebtedness to Professor Pascual and 
Professor E. R. H. Jone th cind interest in the present work, and for helpful suggestions; 
and to the latter for | atulin (fror | roducts Ltd.): to Dr. J stells for valuable 
comments on the infra-red tra: to Dr tevan for the analyses; and, finally, to “Fundacion 


Juan March” for financial support 
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STRUCTURE OF GENTIOPICROSIDE* 
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Istituto di Chimica Industriale della Universita di Milano, Italia 


(Received 25 Vay 1961) 


Abstract—A new formula for the gentiopicroside (I), the principal bitter glucoside of common 


is proposed 


THE gentiopicroside (gentiopicrin of the old nomenclature), which is the principal 
bitter glucoside of common gentians,* was isolated in 1862' and has since been the 
object of several chemical studies. In connection with this problem, the work of several 
investigators*~'' can be summarized as follows. The gentiopicroside (C,,H.,O,; 1), 
formed from the aglycone protogentiogenin (C,yH,,O,; Il) and /-glucose as indicated 
by its hydrolysis with emulsin, is not stable to acids and alkali and rather unstable even 
in neutral solution. On acetylation, it gives the tetra-acetylgentiopicroside (III), from 
which the glucoside (I) is regenerated but in poor yield. The extraction of the 
gentiopicroside must be carried out on fresh roots. It is very difficult and gives better 
results if carried out on the acetylderivative (II1) 

The instability of the gentiopicroside made the study of its structure extremely 
difficult. The primary genin (II) has never been isolated. The chemical hydrolyses were 
unsuccessful while with emulsin three derivatives of II are obtained in insignificant 
yields. The first product, obtained under controlled conditions (mesogentiogenin), is 
an optically inactive oil with the same U.V. absorption spectrum as the glucoside (1) 
After more prolonged enzymatic hydrolysis, two products are obtained: the dimeric 
gentiogenin (C,H, O,). and the eugentiogenin which, as shown by its spectroscopic 
properties, is derived by rearrangement of the original molecule (II) 

These aglycones were not useful in the study of the structure of gentiopicroside 
The gentiopicroside has three double bonds, (Ainax 270 mu; log ¢ 3-96), two of which 
are rapidly hydrogenated to give the tetrahydrogentiopicroside (IV) (A,,,, 247 mu; 
log ¢ 3-89). The third double bond is hydrogenated more slowly, and at the same time 


the molecule is hydrolysed into /-glucose and the fully hydrogenated aglycone, the 


hexahydroprotogentiogenin (C,,H,,0,; V) with no absorption in the U.V. The 


* Preliminary Communication Tetrahedron Letter . 7 (1960) 
* It has been found G. lutea A. Kromeyer, Arch hart 110, 27 (1862) clepiadea M. Bridel. 
C. R. Acad aris, 185, 1164 (1912): G. punctata ride 56. ruciata M. Bridel. 
Pharm. et Ch 7}, 7, 392 (1913); G.pneumontha irquelot and ridel, /bid. [7], 2, 149 (1910): 
Chiora perf ta H. Bourquelot and M. Bridel, ¢ ad uris, 150, 114. (1910): G. scabra Y. Asahina 
and Y. Sakurai, Ber. Dtsch. Chem. Ges. 69, 771 (1936); Swertia pere Bridel, J. Pharm. Chim. [7], 6 
481 (1912) 
A. Kromever. Arch. Pharmaz, 110, 27 (1862) 
2 G. Tanret, C. R. Acad. § Paris 141, 207 (1905) 
'G. Tanret, Bu Soc. Chim. 13). 33. 1059 (1905) 
*Y. Asahina. J. Asano. Y. Tanase and Y. Ueno, Chem. Ber. 69, 771 (1936) 
y Asahina and Y. Sakura Chem. Ber. 72, 1534 (1939) 
Y. Sakurai and K. Yoshina, J. Pharm. Soc. Japan 71, 55 (1951): Chem bstr. 46, 2499 (1952) 
7 F. Korte. Chem. Ber. 87, 512 (1954) 
"| Korte, Chem. Ber 87. 769 (1954) 
* F. Korte, Chem. Ber. 87, 780 (1954) 
” Private communication, Y. Sakurai, Chem. Ber. 87, 780, (1954) 
11 |. Canonica and F. Pelizzoni, Gazz. Chim. Ital. 87, 1251 (1957) 
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tetrahydroglucoside (IV) gives with emulsin the aglycone (C,)H,,O,) tetrahydroproto- 
gentiogenin (VI). The tetrahydroaglycone (VI) has a conjugated double bond (A,,,,. 
247 mu: log ¢ 3-96), gives a p-nitrophenylhydrazone, has an active hydrogen atom, 
gives a red colour with diazonium salts and, according to Korte, gives a positive 
reaction with ferric chloride but according to Asahina ef a/. this last reaction is 
negative. On catalytic hydrogenation, VI gives the hexahydrogenine (V). 

rhe catalytic hydrogenation of the acetylgentiopicroside (III) gives a mixture of 
two isomers: the z-tetra-acetyltetrahydrogentiopicroside (VII) and the /-tetra- 
acetyltetrahydrogentiopicroside (VIII). The relationship between them is discussed 
later. The two acetyltetrahydroderivatives VII and VIII give on catalytic hydro- 
genation the same tetra-acetylhexahydrogentiopicroside (IX). This tetra-acetylhexa- 
hydrogentiopicroside (IX) gives, on acid hydrolysis, the same aglycone (V) which is 


formed by the catalytic hydrogenation of the aglycone (V1) and gentiopicroside 


It has been established that the glucoside (1) and all its derivatives contain a lactone 
group, but because this ts very stable, it led to the hypothesis, later shown to be 
uncorrect, that it ts a y-lactone function 


One of the two remaining oxygen atoms of the aglycone moiety of gentiopicroside, 
must be assigned to the glucosidic linkage. On account of the apparent enol behaviour 
f the tetrahydroaglycone (V1), this hydroxyl group was supposed to be of enolic type 


Ul 


The remaining oxygen atom, has been ascribed by all the A.A. to a cyclic ether, as its 
behaviour precludes the possibility of a hydroxy, alkoxy or carbonyl group. The 
degradation reactions carried out on gentiopicroside and its derivatives give only 


compounds with few carbon atoms. The fact that these are obtained only in very low 


vields made their identification uncertain 
Iwo degradation reactions, however, proved significant in the elucidation of the 
structure of I, namely the pyrolysis of the tetrahydroglucoside (IV) in good yield (70",) 


dehy de. The 


to n-butyric aldehyde and the ozonolysis of the gentiopicroside to forma 
fact that formaldehyde is obtained on ozonolysis of I but not of its hydrogenated 
derivatives shows that the gentiopicroside contains a terminal methylene group. The 
two tetrahydroisomers VII and VIII give, on boiling with | N sulphuric acid, carbon 
dioxide and acetone. This reaction which has a complex and obscure mechanism, led 
us to an incorrect formulation. None of the formulae proposed by Sakurai (X), 
Korte (XI) and ourselves (XII, and XII,,) in previous work, is compatible with all 
these experimental facts 

[he structure X does not account for the U.V. absorption spectra of I or its 
derivatives. The structure XI does not explain the formation of the two tetrahydro- 
acetylglucosides VII and VIII, which cannot be considered as stereoisomers owing to 
the fact that they have different U.V. spectra (/,,,, 247 and 232 my respectively). On 
the other hand, the hypothesis’ of a molecular rearrangement with formation of a new 
hydroxy group, is not acceptable because the same hexahydroglucoside (1X) is obtained 
by hydrogenation of both VII and VIII. Moreover VIII is not acetylated under usual 
conditions and its I.R. spectrum does not show hydroxyl bands. It follows that the 
difference between the two compounds VII and VIII can only be ascribed to the 
chromophore systems, derived from the conjugation of the one lactone carbonyl to 
two different double bonds. As a consequence, it must be admitted that the carbon 
atom in «-position to the carbonyl is ramified. 
A further argument against structure XI is the fact that synthetic compounds of 
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the type XIII containing the skeleton of the hexahydroaglycone derived from XI, have 


chemical and spectroscopical properties different from those of the hexahydroproto- 


ictone, but the I.R spectra snow 


Cia if 


coside 


vagivcon V in Nu 


(1740 ' in Nujol): anda 


a n the acetylgentiopicroside II] and in the two tsomeric tetra- 
es VII and VIII (1725, 1704, 17 I in CHCl). This discrepancy 
sroposed evidence has already been 


for the gentiopicroside, whic! 
ved, IS proposed he 


good yield on acid hydrolysis 
12 


lx], 153° (CHCI,) 


} It does not show absorption 

spectrum shows bands at 3330 cm 
(associated hydroxy »>com~' (saturated 4-lactone). On titration, it behaves as a 
monovalent lactone: it reduces silver nitrate in ammonia solution but does not reduce 


y 1961) 


Wren (1959) 
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indicated by Korte’*®. Besides, the formulae XII, and XII, are neither compatible with 
: the Dehaviour Of hexa oprotogentiogenin, nor, as it will be seen later, wit tne 
Structure of some of it erivatives 
: As a result of the present work, a new formula 
accounts a the experimental evidence so far 
hexahydroprotogentioge (V: obtained u 
Pi ; of the eo] oside (1X nder controlled conditions. has 1 ’ 
L. Canonica, E. Fed A. Ga j 87, 998 (1957 
Fr. Korte, K. H. B fl ci Ber. 91, 759 (1958) 
‘Fr. K H.M Ber. 9. 2276 (1957) 
F. Korte and K. For ritte der Chemie Orga her Naturstoffe Vol. 17, p. 179. Wien (1959) 
G. Bichi arrived at ¢ same scture. Private communication (23 Januar” 
Fortschritte der Chemie Orear her Naturstoffe Vol. 17, 9. 132. 
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triphenyltetrazolium chloride in the cold and with p-nitrophenylhydrazine and 2,4- 
dinitrophenylhydrazine does not form any definite derivative. The C-alkyl deter- 
mination according to Kuhn-Roth'’ corresponds to one C-alkyl, propionic acid 
separating by V.P.C. On cromic acid oxidation in acetone," it gives a di-d-lactone 
(XIV; C,oH,,O,), m.p. 93°, [x], —24° (CHCI,), which has no absorption in the U.V. 
and contains active hydrogen atoms‘ or carbonyl groups. It has no reducing properties 


and on titration uses two equivalents of alkali. The I.R. spectrum shows no hydroxyl 


> 


30 cm~! (saturated 6-lactone) 


bands and one strong band at | 


rhe dilactone (XIV) differs from the tetrahydroaglycone (V1). Of the two 6-lactone 


groups In XIV, one is present in the hexahydroaglycone (V) and the other is derived 


on oxidation of a 2-hydroxytetrahydropirane 


2-] ydroxytetrahydropirane ring in the molecule IS confirmed 


by formation of a methylether (XV)?° « reaction with methanol in the presence of 
I 


Ihe methylether (XV), m.p. 113 A 208° has no absorption in the U.V. and 


ts |.R. spectrum shows no hvdroxvl! band but it has a band at 1730 cm (saturated 


tone) Compound X\ reduces neither! lollens reagent nor triphenyltetrazolium 


chloride in the cold nor does it react wit carbonyl! reagents but it titrates as a 
monovalent lactone It can also be obtained from the hexahydroglucoside (1X) by 
methanolysis and it reforms the aglycone (V) by action of dilute mineral acids. The 
exahydroprotogentiogenin (V) on prolonged heating im vacuo yields a dehydrated 
compound (XVI; C,,H,,O,), m.p. 69°. [x] 126° (CHCI,) which has no absorption 
maxima in the U.V. (in cyclohexane). The I.R. spectrum shows no hydroxyl band but 
has a band at 1660 cm (enol double bond) and at 1725 ~cm! (unconjugated 4-lactone) 
Compound XVI, on treatment with methanol in the presence of hydrochloric acid, 


gives the methylether (XV) 
The properties of V, XIV, XV and XVI show that the hexahydroaglycone (V) 


contains the following ring systems. which must share two carbon atoms 


In the gentiopicroside and its glucoside derivatives, the sugar is attached to the 


hemiacety! hydroxy! of the aglycone moiety. Considerable rotational differences exist 
ycones V (or its methylether XV) and 


between the glucosides IX and IV and their ag! 


Vi respectively. The comparison cannot be extended to compounds I and Il owing to 


the impossibility of isolating the aglycone II 


[M},, (AV) [M],, (VI) 696 (in alcohol) 
(IX) — [M],, (V) 640 (in CHCl.) 

[M],, (1X) — [M],, (XV) : —779 (in CHCl.) 


346 (1954) 


4 F. Garbers, H. Schmid and P. Karrer, Me Cain fcta 37,1 
*K. Bowden, I. M. Heilbron, E. R. H. Jones and B. C. L. Weedon, J. Chem. Soc. 39 (1946) 
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These rotational! differences can be explained by admitting that the removal of the 
glucose is accompanied by ; version of the configuration of the hemiacety! carbon 


hvdroxytetrahydropirane ira lropirane his supports 


tv! hvdroxy! 


shown by 


oxvgen 


oside (\ 11) 


-isomer (VIII) 


The mild hydrolysis of the tetrahydroaglycone (V1) yields formic acid, and this ts a 


good indication that R is a hydrogen atom. The pyrolysis of the tetrahydroglucoside 


” ©. Halpern and H. Schmid, He Chim. Acta 41, 1109 (1958) 
** F. Korte. J. Falbe and A. Zschocke. Tetrahedron 6, 201 (1959) 
7! F. E. Bader, Me Chin fcta 3%, 215 (1953) 
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q 
R 
C 
2 
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([V) gives butyric aldehyde. a reaction similar to that obtained with the dihydro- 


bakankosine** and, therefore, interpreted as a retro Diels Alder and establishes the 


/ 


positio 1 of the side ci 


** K. Balenovic, H. V. Daniker, R. Goutarel, M. M. Janot and V. Prelog, Heli Acta 35, 2519 (1952) 


ind the structures ro e (1); tne il 
‘ HoH 
< 
XVI XIV XV 
4 
| 
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These structures are further substantiated by the NMR spectra. The NMR 
evidence confirms the presence of an ethyl! side-chain in XV, VII and VIII (centred 


ce, for the CH,” of XV and VII, 


group is not present in the acetylgentiopicroside 


triplet at 54-5 and 61 cycles/sec from the TMS referer 
and of VIII respectively). The ethyl! 


(111). The electronic integration shows that the methylether (XV) contains five protons 
on carbon oxvege! 


while the dilactone (XIV) contains only 
ucoside (VII) cor tall 


uns one olefinic proton 


> 
~? cycles/sec) which can be attributed to a 


mixture of dioxane, water and 


NMR spectra. Measurements 


tegrator,in the Research 
xd TMS was used as internal 


four such protons. The z-tetrahydroacet) 
(centred doublet at 452 cycles/sec with J) 
4 
AAD 
tylgentiopict lll). The NMR spect of 
NOSITLO ft ed by the NMR spectru of the de Irated 
produ (XVI) he CH ( eid 
ym pari ith tl my hich t le-chain is not adjacent to a 
EXPERIMENTAI 
H f ill ix ‘ il 
2 | ’ cif ‘ | 
The « ct (IX) 1 
" 
H Vil 1 ( i Vil SSOlVEK 
tr 382 f¢ le (1X ere obt (/¢ ) 154-15 
ve 210 After crvs tion from be livroin 
H ‘Vill iX. ¢ 1 2) 232 n log 3:8 is dissolved in 
yee 200 mi of for 4 hr the presence of 10°. Pd—C ¢ t p and 
f i the solvent « orate ler reduced press. The residue 
was 1 1 0-470 f crude IX were obt ed. m.p. 154-155, 
af show SOT] in the U.V. above 2101 After crystallizat from benzene-ligroin 
the pr had a mp. 161-1¢ 63 (c, 1 CHE lhe infra-red spectri dentical 
<< to that of IX obtained by hydrogenation of VII. A mixed m.p. of the two products gave no 
depress 
<<? Hydrolysis of 1X to V. Compound IX (1-943 g) was suspended in a 
eps * We are greatly indebted to Dr. A. M 1 for the measurement of the Ei 
Laboratory of the Varian A. G., Ziuiric Samples were dissolved in CDC, a : 
reference 
4 
nae 
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sulphuric acid (35 65:2 in vol). The mixture was heated to boiling, under vigorous stirring, and in a 
few minutes a clear solution was obtained. This was refluxed for 20 min and then cooled in ice. After 
saturation with sodium chloride, the aqueous solution was extracted with chloroform or methylene 
chloride (10 times for 30 ml) The organic extracts were dried on sodium sulphate and the solvent 
evaporated under reduced press. The residue was treated with ethylether (5 ml) and filtered. Crude V 
(0-519 g; 70°.), m.p. 132°, was obtained. [x]) + 150° (c, 1% in CHCI,). After crystallization from 
benzene—petroleum ether, the m.p. was 134° and the [x]p 153 rhe literature gives m.p. 140° and 
[x]; 161° (in alcohol). (Found: C, 60-09; H, 7-96; C-—C,H,, 19-4; Caled. for C,,H,,0O,: C, 60-00; 
H, 8.00: C-C,H,, 20-5 ) 

Titration: Compound V (49 7 mg; 0-2485 mmole) was dissolved in 5 m1 0-1 N NaOH and left at 
room temp for 24 hr The excess of NaOH was titrated with 0-1 N H,SO, 2:54 ml being used 
Compound reduces silver nitrate in ammonia solution but does not reduce phenyltetrazolium- 
chloride tn 1 or does it show absorption m na in the above 

Cromic acid oxidation of V to XIV omy nd 2 a issolved 100 ml acetone. The 
solution was c at 0 and treated, dropwi nin with a d stu ’) with 10 ml cromic acid 
mixture (10-3 gCrO,, 8-7 ml H,SO, and 30 ml water) i ontinued for 10 min at room temp 
and the excess Of Ox dant destr ved a mi ition was d luted with 


water (500 ml) and ext ted times with ml methylet lorid Tt ‘tracts were dried with 
70-4°.) m p 

rom the mother 

ound: C, 60-56: 


) aDsorpt yn above 210 m [x], 


nole) was titrated 


}1 N NaOH (required ! ess of 2 Oo 1 N NaOH was added and the solution 


2 hr iva rated | ml be (The volume of 


1 bath kept at 140-150 
The 
rer liquor an 
H, 7:57. [alp 126 (c, 1 in 
mg in 20 ml 0-1 N NaOH were 
65 mi of 0-1 N H,SO ised 
fIXtoX Compoun g) in 200 ml 0-1 N HCl and methanol was dissolved 


4hr and excess ver arbonate added The 


llowed to 


wed to stand at - 


rin 
esidue was treated 
with water as extracted twice with 


benzene is dissolved in 
gave first an 


On 


benzene and chron 
oily fracty (0-146 
continuing the eluti talline 
product mixed with an unidentil I y substa d *)wa | he chromatography had 
o be carried out very rapidly t void . le los f material re ude product could be 
crystallized from a small volume of methanol or fron nzene “um ether ' 208° (c, 1 
in CHC1,) 
(Found: C, 61-82; H, 8-52; , I alc. for C,,H , , 8-41; OCHs, 
). The pure Compound n is no absorption maxima in U t does not 


lition rinhenvl 


reduce silver nitrate | immonia solution n ipheny tetra u < 
described for the other compounds by Iding an excess of aqueous NaOH and t trating the excess 
alkali after 12 hr at room temp 

Hydrolysis of XV toV. Compound XV (0-154 g) was s ispended in a mixture of dioxane, water and 
sulphuric acid ( 3 ml: 35:65:2 by vol) The reaction was carried out as previously described for the 
hydrolysis of IX to V and 0-1 g ol crude V were obtained (m Pp 130 133 ; 69-4° ) Aiter recrystal- 
lization the product was identical with V obtained by hydrolysis of LX 

Methylether XV from XV1. Compound XVI (0-2 g) in 0:1 N HCl and methanol (25 ml) was 
allowed to stand at room temp for 24hr. The solution was treated with excess silver carbonate, 


filtered and the solvent evaporated under reduced press. The residue was dissolved in CHCI; and 


H, 7-26. calc. for C, 6059; H, 712°). UN.: 
(c, 1°, in CHCI,; literature give 30-53 in ethanol). 
after standing | 
At NaOH used for tl 
The distillatior 
crystallization 
CHCI,): calc. 
titrated after 4h 
Methanol ysi 
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treated with c The solvent was evaporated again under 
reduced press and the 1) and passed through neutral 
alumina (activity I11) 0-020 ¢) was separated by 
by elution with ethylether 


The crystal 


: 
2 
l lent th 
line product, m.p. 110-112 was identical with 
Ge 
{ickno ” We are indet ( Nazi e Ricerc r financial assistance 
id : 
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THE CHEMICAL EXAMINATION OF /RIS NEPALENSIS—1 


OF IRISOLONI 


STRUCTURI 


K. W. GoprnaTH, A. R. Kipwat and LALIT PRAKASH 


Department of Research in Un Medicine, Tibbiya College 


Muslim lt niversity Aligarh India 


(Rece 
Abstract——On the bas ff degradation experin ts. irisolone. a new isoflavone from / nepalensis 


has been issiv ed st cture (R H) 


THE rhizomes of Jris nepalensis D. Don (natural order-Irdacae) are used in indigenous 


| a variety of heart diseases. We 


systems of medicine under the name of ‘Sosan’ for 


f lavone, irisolone obtained in 0-3 per cent yield 


report here the Structure Of a new Iso! 
from the chloroform extract of the rhizomes 
Irisolone I (R H) forms colourless plates m.p 269 


formula C,-H,,O, and for one methoxy group. The presence of a phenolic hydroxy 


270° and analyses for the 


sreen colour with ferric chloride and by the 


group in irisolone is indicated by a pale 


formation of a crystalline mono acetate. Irisolone gives a red colour with phloro- 
glucinol and sulphuric acid, a green colour in the Lebat test! and a purple colour in the 


Hansen test® indicating the presence of a methylenedioxy group 


rhe ultra-violet absorption spectrum of irisolone (Fig. 1) is very similar to that of 
tri-o-methyl tectorigenin and favours an isoflavone, rather than a flavone structure. 

Methylation of irisolone with dimethyl sulphate and potassium carbonate in 
acetone solution yields a crystalline methyl ether (I, R = CH,) which is smoothly 
converted by boiling dilute alkali into the desoxy benzoin (II R = CHs) Irisolone 
methyl ether (1, R = CH,) is reformed in high yield by treatment of the desoxy benzoin 
(11, R = CH,) with sodium and ethyl formate,* thus unambiguously establishing the 
isoflavone nature of irisolone. 

Treatment of Irisolone itself (1, R H) with dilute alkali gives a good yield of the 
desoxy benzoin (II, R H) which, with acetic anhydride under mild conditions, yields 
a mono acetate (II, R = OAC). These desoxy benzoins were identified by their charac- 
teristic ultra-violet spectra. 

Oxidation of Irisolone methyl ether(II, R = CH,)with potassium permanganate in 
acetone solution yields anisic acid indicating that one of the two methoxy groups in 
the methyl ether is in 4’-position. On prolonged treatment with alkali, the desoxy 
1M. A. Lebat, Bull. Soc. Chim. 745 (1909) 


2 O. R. Hansen, Acta-chim. Scand. 7, 1125 (1953). 
3K. Venkataraman, Fortsch. Chem. Org. Naturstoffe 17, 1 (1959) 


201 


" 
ae 
4: 
te, 
- 


PRAKASH 


GopinaTtH, A. R. Kipwar and Lain 


K. W 


‘thoxy-phenylacetic acid 
ve latter product 


thylenedioxy phenol obtaine 


chloride in benzene at 


followed tetramethoxy isoflavone 

7-tetran or tri-o-methyltector 

rmed by comparison with 


an authentic 


m.p 


acid. This indicates 
genin. The ident equently cont 
sample (mixed m.p | superposable infra-red spectrum) 
This work establis! the tetraoxy substitution pattern in irisolone methyl ether 
Soc. 80, 5258 (1958) 
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benzoin (11, R CH.) is cleaved itn fair yields to p-n 
phenolic product, C.H.O, p. 55-87 Melting px 
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H.CO 


OCH, 


(1, R = CH,). Depending on the relative position of the methoxy and methylenedioxy 


OCH, O 


eroups in ring A, two structures I, (R CH.) and V are possible for irisolone methyl 


In order to choose between these possibilities advantage was taken of the ease of 


reatt nt ne maotl 
I Lalli ent of irisolo metny 


ethoxy cor pound (V1) which 


Vi 


pound 


lL, ‘ 
VI can also be methylated 


sulphate and potassium carbonate indicating that no rearrangement or isomerizati 


ring treatment with aluminiun chloride The structure I(R CH.) 


as occurred du 


7. Net thar +} ‘ 
irisoione | ethyl ether 1s thus estabdlis! 


The position of the free phenolic hydroxy group in irisolone remains to be deter- 
mined. Ethvlation of irisolone with ethyliodide and potassiun carbonate yields the 
ethyl ether (1, R C.H;)\ hich on oxidation with potassium permanganate in acetone 
vields p-ethoxybenzoic acid thus establishing that the free phenolic group In irisolone 
is in the 4’-positi n The structure of irisolone (I, R H) is therefore uniquely 
established as 4’-hydroxy-5-methoxy 6,7-methylenedioxy 1s flavone. Irisolone Is one 
of the tew isoflavones containing a metnhyienedioxy substituent the o1 ly others so tal 
known being latlancuayin* and pseudo baptigenin ‘ 


EXPERIMENTAI 


All ultra-violet spectra were measured Beck 


Perkin | er Infracord eithe 


measured 


were 


203 
aq 
— 
ethe 
ether with aluminium chloride in ether yields a mon0n 
: still gives a positive Lebat and Hansen test indicating that the methylenedioxy group ts 
. not a ted under these conditions The com | | fives a positive Wilson’s 
_ Boric acid test® and also a bright yellow colour with boric acid in acetic anhydride 
(Dimroth Reagent) characteristic of an o-hydroxycarbonyl syste The compound 
Eee back into irisolone methyl ether (1, R = CH,) with dimethyl . 
(or with certainty. 
ee Model DU instrument in 95 per cent 
n chloroforn yutions 
ethenol. Infra-red spectra weet in. ch! s 
or as mulls in nujol 
*C. W. Wilson. J. Amer. Chem. Soc. 61, 2303 (1939) 
’ W. Baker. R. Robinson and N. M. Simpson, J. Chem. Soc. 805 (1937) 
= 
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Elution with 
from ether petroleum 
Calc. for C,H,O, 


Evaporation of the dried 


extracted with 
ether extracts ve p-metl acetic acid m Pp. 55-59 
’ trum) with an authentic specimen (Found C, 65:39: H, 5:8 


identical ( I 


Cake. for ¢ 
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/ a R Hi An ’ rr Ske) of Jris nepalensis were 
3 0: OMe 8°52 38; H, 3:84; 1-OM 
»4 0: H 
a 
4 
ng 
Na.SO 
O CH.) @) e (S50 ) 
en, 186-18 ind C, 62-95 H, 5-26 Calc. for C,H,O 
C, 62-15: H, 5-2 
j f 4 >.) S-.methyler ioxy-6-methoxy phen, hetome 
(iit. R CH \ ec (Us ) pot j | cide (10 @) 1 water (S50 mi) was 
was reflux The cidifed and extracted with ether 
ys The ether « ctv ed : bicarb d water ed (Na.SO,) and the solvent 
re ved. The residue w ed benzene over Magnesium 
benzene yicided Ky 4,5-methylenedioxy-pie | aS colourless prisms 
ether 88-89 (Diecrass al.* report m.p. 88-89 ) (Found C, 57-60 H, 5-1 
C. 57-14: H. 4-7¢ 
©, 65°06; H, 602",) 
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4’.5.6.7-Tetramethoxvisoflavom 4 mixture of irisolone (0-5 g), aluminium chloride (5 g) and 
benzene (80 mi!) was 1 n il ith for 10 hr The solution was concentrated to about 


pe yssible 


and treated after c with a mixture of conc. Nydrocnioric acid (15 mi) and glacial acetic 
oe 8, : a4 acid (20 mi) The s was refluxed for 1/21 diluted with wate a ex cted with ether 
2: ee I porauior the dried ether extract yielded a brown solid which was directly methylated without 
The Mater refluxes wcetone (45 mi) wit ry ais ed dime sulphate (2 mi) 
2 es and anhydrous p : rb e (1282) 1 46 hr. Working up the usual 1 er gave a 
iriess So co iS Crys [Wit i iriess Crystais 
§-26 Cal r H,.O 66°66, H 23 lentic (m.p uxed | fra-red spectrum) 
] } I 1 ex cle th ethe 
if i Sk H. 10¢ for H,.O ( 60: 50 
The t ‘ bed earlier xyphenyl acetic acid 
a 
ediox e (VI, 0-15 p. 214-15 
(| H. 419 C,.H,,.O 5-38: H. 384°) 
ne etl ethe CH 170-172 et dC, 67-50; H, 4°31 
re Cc H 4-7] 
kk j he ether (1 ce e ) was warmed 
r ed. W Ip as yl ethe ded p-ethoxy 
be c acid (0-2 g) 171-172° fr lilute alcot ( il (mixed m.p d infra-red spectrum) : 
with an authentic 
icknowledgem We thank Prof. T. R. Seshadri for samples of Antiat { tri-o-methyl tector 
rent and the Ministry t Health, Gover re f India for a grant which has made this investigation 4 
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Abstract 


tity of plant n aterial 


| 


ssentl Ol 


ter yields were obtained by 
omatography of the oil on 
ation of ketones A and B, two further ketones C, 
143°. and were obtained 


The sin f the mpounds, (C) C,,H,,O,, was very pale yellow and had 


two methoxyls, two C-methy! grou and one carbony!. which apparently was present 


ethyl ketone since the con pound gave an iodoform reaction. It also gave a 
ferric chloride test and dissolved in alkali, so that the remaining Oxygen was presum- 
ably present in a phenolic group. Thus all the oxygen and carbon atoms could be 
accounted for assuming a benzene nucleus with a methyl, a hydroxy and a methylketo 


substituent, and two methoxyls. The ultra-violet spectrur agreed with this, and more- 


over indicated that the carbonyl was tho to the phenolic group: the infrared- 


spectrum also gave strong ¢ idence of “conjugate chelation 
Possible structures for C could be written with either a pyrogallol or a phloro- 
glucinol arrangement of the oxy substituents, but the latter would seem more likely 


since a side-chain in natural pyrogallols usually occurs at the 5 rather than the 4 posi- 
tion. Of the two positions remaining for the nuclear methyl group the one para to 
the hydroxyl can be eliminated since C gives a test with Gibb’s reagent; thus a likely 


structure for Cis I(R Me). A substance with this structure does not seem to have 


' T. G. H. Jones and S. E. Wright, Pap. Dept. Chem. Un ld. 1, No. 27 (1946): M. D. Sutherland, Jbid 


No. 35 (1949) 


J. R. Price, in Manske and Holmes, The Alkaloids Vol 333. Academic Press, New York (1952) 
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accord lected and steam-distilled. However tract | | 
; 
Iract 
alun 
m Pp 


Some ketones from Acradenia franklinii 207 


been found previously in Nature, although the homologous substance lacking the 
nuclear methyl group, xanthoxylin, I (R = H), does occur naturally.* However, the 
compound I (R = Me) has been prepared synthetically,* and the recorded properties, 
except for lack of colour, agreed well with those of compound C. A comparison 


sample, synthesized by one of the methods previously described,‘ proved identical 


with C in colour, m.p., mixed m.p. and infra-red spectrum. 


Me 


Compound B, C,.H,,O,, had two methoxyls and one carbonyl, which also appeared 
to be in a methyl ketone group A Kuhn—Roth determination gave about 1-5 C- 
methyl groups The remaining oxygen was inert and presumably in an ether linkage. 
From its reaction with bromine and its uptake on hydrogenation, B had one double 


bond. and from the foregoing data would appear to have two rings of which one is 


aromatic. The evidence pointed to a chromene type of structure, which was supported 


by the orange-red colour given with concentrated sulphuric acid, and by the ultra- 


violet spectrum. The compound was finally found to be identical with O-methylallo- 


evodionol, isolated previously from a Queensland rutaceous plant' and shown to have 


structure Il. Compound D, of which only a very small amount was obtained, proved 


Me 


identical with the isomeric chromene O-methylevodionol (II) which occurs in a re- 
lated Queensland plant 

The remaining substance A, C,,H,.O,, had one methoxyl, and one carbonyl which 
likewise appeared to be in a C-acetyl group. Kuhn-Roth determination gave rather 
A gave a dibromide, and on catalytic hydrogenation added 


over two C-methyl groups 


on two moles of hydrogen. This evidence pointed to a structure W ith two double bonds 


and three rings. one of which is aromatic. There are two inert oxygens, which pre- 
sumably are in ring ether links. Like the chromenes, compound A gave a bright cherry- 
A structure such as [V or V with an extra 


red colour with concentrated sulphuric acid 
pyran ring fused to a chromene nucleus, would be consistent with these data, and also 
with the ultra-violet and infra-red spectra. In the latter there are two peaks in the 1300 


cm™~! region corresponding to gem dimethyls, and also two peaks at 1632 and 1643 


cm~ respectively, which indicate two different olefinic bonds. This might be taken as 


3 W. Karrer, Konstitution and Vorkommen der organischen Pflanzenstoffe p. 181. Birkhaiiser, Basel (1958). 
4 F. H. Curd and A. Robertson, J. Chem. Soc. 437 (1933) 
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favouring the unsymmetrical structure V rather than IV; however, structure IV is 
not completely symmetrical either, since the carbonyl group will tend to align itself 
in the plane of the aromatic ring The data would be consistent with either of these 
structures or with one such as VI with one or even two furan rings 

A coumarone structure is, however, excluded by the NMR spectrum*, shown 
diagrammatically in Table 1. The spectrum consists of seven sharp peaks only, of 
which two prominent ones of equal intensity at 6-3 and 7-6 (7 scale) can be ascribed to 


the methoxy! and acetyl hy wens respectively 


Me 


NMR Si 


t one end of the spectrum, at 8-7, there is a very strong peak of about four times 
the intensity of the others, due to the two pairs of gem dimethyls. Any structure with 
an isopropyl! group such as VI can be ruled out since it would show spin-spin splitting 


of the gem dimethyl peaks The remaining peaks are much smaller and consist of two 


airs of doublets between 3-6 and 4-7. This is the expected pattern for the group VII (X 


and Y are atoms to which no hydrogen is attached) and the fact that only one set of 
four sharp peaks is obtained indicates that the values for the hydrogens involved in 
the two unsaturated bonds must lie exactly on top of one another. This favours 
structure IV, in which under the conditions of the determination, the acetyl group 
could alternately assume each possible conformation in the plane of the ring, so that 
the spectrum obtained would be that of a completely symmetrical compound We 
therefore put forward tentatively structure I\ for compound A, for which we propose 
the name franklinone 

The formation of the three ketones in the plant is well accounted for by the poly- 
acetate theory of biogenesis,® in which a chain formed from acetate units, VIII, 
cyclizes to give an acylphloroglucinol (IX). This yields methylxanthoxylin, I(R Me) 
on methylation, in the course of which a nuclear methyl group is introduced; it is of 
* The spectrum was obtained using a Varian Associates V-4300B spectrometer and 12” electromagnet, at 


40 Mc/s, with flux stabilization and sample spinning. The chemical shifts are quoted in parts per million 


on the silicon tetramethy! (7) scal 


A. J. Birch, Fortschritte Chem. Ore. Naturstoffe 14, 186 (1957) 
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interest to note that methylation of phloracetophenone, IX (R Me), with methyl 
iodide gives I in good yield.* Substitution of a nuclear prenyl group instead of the 
methyl would lead to O-methylalloevodionol (Il) or O-methylevodionol (III). Intro- 
duction of a second prenyl group would lead to the formation of franklinone (IV). 
The acridone types of alkaloid’ evoxanthine (X) and acronycin, (XI) found in related 
plants are presumably formed similarly from precursors with a terminal anthranilate 
instead of an acetate residue’ (XIII and IX; R o-C,H,NH,). 


EXPERIMENTAI 


Preliminary examination of Acradenia franklinu 
Milled leaves (3:3 kg) were extracted with warm ethanol, and after removal of the solvent in vacuo, 


the extract was treated successively with hot water, hot aqueous hydrochloric acid ( ), aqueous 


sodium hydroxide (10°,) and water. The aqueous and acid washings gave no tests for alkaloids. The 
residual extract was further treated with carbon tetrachloride, and the solution chromatographed on 
alumina. The oil obtained on evaporation of the eluate was redissolved in pet ether (60-80°) and 
rechromatographed on alumina Evaporation of the eluate gave compound A (2-3 g). Further eluation 


with benzene-carbon tetrachloride (1:1) gave compound B (0-22 g). 


Essential oil of Acradenia franklinti 


Leaves and terminal branchlets (220 kg) collected at Corinna, W Tasmania, were steam-distilled, 
the total yield of oil being 0-67°,. Another batch collected at Lake Macquarie yielded 0-72 % oil. 


14 
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Isolation of ketones from essential oil 


reagent. Acradenia oil (100 g) was refluxed with Girard’s reagent 


(a) By extraction with Gira 
1 (400 mi of 10°.) during ir. The solution was cooled in a freezing 


P (15 2) im ethanolic acetic acid 
n te (700 mi « ining crushed ice 


sodium 


ration trom 


npound B(0O-O8 ¢) 


(3-5 kg). The mixture was extracted thoroughly with ether Ihe ethereal solution, dried with 
ee sulphate, was evaporated. The residue (10-4 g) was dissolved enzene and chr itographed an a 
alumina benzene gave compound A (0- ), which after recryst 
net ether (60-80 ) had » 12 Elution with benzene-chloroform (1:1) gave cori. 
} Ac | 84 @) ed throu asi colul ati -Omm 
press. | OO 1140 C (0-46 @) cry i ed. which alter 
j ‘ ow) SO cvcle d h on 
y OO ed 
> 
: | ( HH MeQ, 29-5 Met 
( 4 MeO. 2 Met 
: 
BiO \ } } B 
( \ 2 Viet } 
R ‘ H tet MW. 2 
) 
P 
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were absorbed and the product, tetrahydrofranklinone, after recrystallization from pet ether had m.p. 
143°, UV / max 274 (log € 3-6). (Found: C, 72-0; H, 8:2; O, 20:2. C,»H.,O, requires: C, 71-7; H, 
8-2; O, 21-1%). Franklinone gives a bluish purple nitroprusside reaction, and a bright cherry red 


colour with conc sulphuric acid. The iodoform reaction and the ferric chloride test were negative. 


Franklinone was recovered unchanged after boiling with aqueous potassium hydroxide (25°.) for an 


hour 
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ISOLATION AND CONSTITUTION OF THREE NEW ASP/DOSPERMA 
ALKALOIDS: CYLINDROCARPINE, CYLINDROCARPIDINI 
AND PYRIFOLIDINI 
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Abstract 


INDOLE alkaloids are particular ibundant among members of the {pocynaceat 


family and lar advances in this area during the past ten years are due to 
considerable extent to the m Studies conducted within one plant genus, 
Another alkaloidil is genus of the Apocynaceae which is widely 
distributed in the tropics is Aspidosperma, its two best known alkaloids being aspido- 
spermine and quebrachamine. Chemical studies with these alkaloids have extended 
over a period of 8O years” and nite of renewed interest and the use of modern 
physical methods the constitution of aspidospermine (1) was eventually settled only 
by X-ray analysis.” Isolation studies with other Aspidosperma species were conducted 
only sporadically during that period A systematic search for alkaloids among the 
many Aspidosperma species has started recently’ ’ and has already yielded several 
alkaloids whose constitutions reflect a novel biogenetic origin.” Our own studies 
have concentrated principally on Brazilian species and have already led to over ten 
Paper XXIX: H. Vorbrigg Tetrahedron Letters 119 (1961) 
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new alkaloids. A portion of this material has been recorded in preliminary com- 
munications’:*:"® and the present article describes in detail the isolation and structure 
elucidation of three of these new alkaloids. 

Aspidosperma cylindrocarpon Muell.-Arg. is a tree of medium height (ca. 10-12 m) 
which grows in the southern central region of Brazil (States of Sdo Paulo and Minas 
Gerais). Extraction of its combined trunk bark and cambium followed by chromato- 
graphy of the alkaloidal fraction and purification through its insoluble perchlorate 


lospet y 


e (111) 


furnished a new alkaloid, which we have named “cylindrocarpine”’. The elementary 
analytical results did not differentiate’ between the empirical formulae C,,H,.N,O, 
and C,,H,,N,O,, but electronic integration of the proton signals in the N. M. R. 
spectrum’ demonstrated the correctness of the latter. The infrared spectrum indicated 
the presence of an amide as well as an ester linkage, the latter being unprecedented 
among Aspidosperma alkaloids. The ultraviolet absorption spectrum (Fig. 1) was 
complex and quite distinct from that (Fig. 1) of aspidospermine (I) or of any other 
known indole alkaloid."' Catalytic hydrogenation with palladized charcoal catalyst 


furnished dihydrocylindrocarpine (III), whose ultraviolet absorption spectrum was 


now superimposable (Fig. 1) upon that of aspidospermine ( [), thus suggesting that the 
spectrum of the parent alkaloid was due to a combination of two chromophoric 


systems, one of them being identical with the 7-methoxydihydroindole system" of 


* C. Djerassi, A. A. P. G. Archer, T. George, B. Gilbert, J. N. Shoolery and L. F. Johnson, Experientia 16, 
$3) (1960) 

1° C. Dierassi, B. Gilbert, J. N. Shoolery, L. F. Johnson and K. Biemann, Experientia 17, 162 (1961). 

11 N. Neuss. Physical Data of Indole and Dihvdroindole Alkaloid I Lilly, Indianapolis (1960) 

% J. R. Chalmers, H. T. Openshaw and G. F. Smith, J. Chem. Soc. 1115 (1957) 
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aspidospermine (1). Mild alkaline hydrolysis of cylindrocarpine afforded the free 
acid, cylindrocarpic acid (IV) isolated as the hydrochloride, while similar treatment 
of dihydrocylindrocarpine (III) provided dihydrocylindrocarpic acid (V). That no 
other change had occurred in the molecule except for hydrolysis of the carbomethoxy 
function (originally detected by the infrared spectrum) was demonstrated by methyla- 
tion of V with diazomethane with regeneration of dihydrocylindrocarpine (LI1). In 
an attempt to identity : ‘ tion of cylindr whose presence was 
indicated by the infrared amide absorption both the alkaloid II and its dihydro 
derivative ubiected to acid hydrolysis. Such treatment resulted in simul- 


aneous cleavage ethvl ester and amide moieties with formation of cylindro- 
ihvdrochloride The other product proved to be 
iwdrocinnamic acid, thus accounting for all 
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VIII (38°) and the glassy dihydrocylindrocarpol (LX) (53%). The reduction of the 
amide grouping in VIII was demonstrated by the absence of the relevant infrared 
absorption band and by perchloric acid titration, which indicated the presence of 
two basic nitrogen atoms. Oxidation of dihydrocylindrocarpol (1X) with chromium 
trioxide in acetic acid afforded the corresponding aldehyde, dihydrocylindrocarpal 
(X) and this was subjected to Wolff—Kishner reduction without further purification 


yielding the known deacetylaspidospermine (\ 11).*° 


examination of the volatiie acid 


spectrum’ of cylindrocarpidine was 


tkop and J. B. Patrick 


rbers, H. Schmi 


215 
14 
4 
\ 
\ 
= 
4 
\\ 
\\ 
\ 
\ 
vil 
Paper chro! itographic examination Of 1 original alkaloid ex ct, alte emoval 
of most of the cylindrocarpine throug ) iorate, 1n¢ presence oO 
several other bases. On | these could be tsolated in pure iorm tel 
partition chro togra yn celite (impregnated withtfo mide- et formamide) 
and was named “‘cylindrocarpidine : mula C...H O Col ed 
‘ n 
by the NMR proton count’ an C nal group analysis Indic p ce ol two 
virtually identical w at (Fig ) a (I), o xyl groups 
: was assumed to be located in the 7-position of t ihvdroindole nucleus hile the 
second one formed part of an ester function judging ! frared spectri Phe 
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1S Sec B. Wi es, J. Amer. Chem. Soc. 76, 5603 (1954) 
1° C. F. Garbers, HE. d and P. Karrer, He ( icta 37, 1336 (1954) 
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(1) except for the absence of a C-ethyl group and the presence of the carbomethoxy 
moiety. These facts coupled with the co-occurrence of cylindrocarpine (II) and 
cylindrocarpine in the same plant suggested strongly that the latter differed from 
cylindrocarpine (II) only in the nature of the acyl substituent attached to the dihydro- 
indole nitrogen atom. The correctness of structure XI for cylindrocarpidine was 
established by acid hydrolysis to the dihydrochloride of cylindrocarpinic acid (VI), 
identical with the earlier obtained specimen drived from cylindrocarpine (ID). 

Before considering the biogenetic implications of these structures (II, XI), we 
shall turn to the structure elucidation of a third alkaloid, pyrifolidine. Extraction of 
the leaves of the tree Aspidosperma pyrifolium Mart. (from Recife, Pernambuco) has 


provided a phenolic alkaloid aspidofiline Examination of the trunk bark yielded’ 
two new crystalline alkaloids, pyrifoline and pyrifolidine, of which the constitution 
of the latter has been settled as follows 

{The original’ analytical results did not distinguish definitely between the empirical 
formulae C,.Hy,N,O, and C,,Ng.N,O,, but a decision in favour of the latter could be 


made by the NMR proton count" and especially the mass spectrum (Fig. 3)" of 


deacetylpyrifolidine Functional group analysis showed the presence of two methoxyl 


groups and as the infrared spectrum did not contain a carbonyl band, both of them 
had to be involved in ether linkages. The NMR spectrum” ol pyrifolidine was 
extremely similar to that of aspidospermine (1), including the characteristic peaks of 
the angular ethyl function (see 1), the principal difference being the presence of two 
rather than three aromatic protons. It follows, therefore, that pyrifolidine differs 
most likely from aspidospermine (1) only in possessing an additional aromatic 
methoxyl group. The ultraviolet absorption spectrum’ of pyrifolidine shows general 
similarities to that of aspidospermine ( 1), but there are minor wavelength shifts which 


cannot be related to any suitable d 


imethoxydihydroindole model. Strong support 
for the assumption that pyrifolidine (XII) ts x-methoxyaspidospermine could be 
presented by comparing the mass spectrum” (Fig 3) of deacetylpyrifolidine (X11) 
with that™ of deacetylaspidospermine (VII). The extremely strong peak at m/e 124 
(as well as the smaller ones at 138 and 152) are due to the piperidine portion of 
aspidospermine™ and are identical in both mass spectra. On the other hand, the 
peaks corresponding to fragments still including the aromatic portion (e.g 190, 204, 
314, 342 etc.) of deacetylpyrifolidine (Fig. 3) can be found always at 30 mass units 


less in the reference spectrum of deacetylaspidospermine (VII). the difference 


Fic. 3. Mass spectrum of deaetylpyrifolidine (XIII) 


2 1. D. Antonaccio, J. Org. Chem. 25, 1262 (1960) 

21 The mass spectra were obtatr by Prof. K. Biemann (M.I.T.) and the results have already been discussed 
briefly in a joint preliminary note (ref. 10) 

22 K. Biemann and G. Spiteller, to be published 
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corresponding to the extra aromatic methoxyl group in pyrifolidine. The validity of 
this type of mass spectrographic approach has already been documented.” 

As pointed out above, the ultraviolet spectrum’ of pyrifolidine cannot be utilized 
for locating unambiguously the point of attachment of the additional methoxyl 
group, but the NMR evidence"’ appears to be most compatible with structure XII. 
During the preparation of our preliminary note’ there appeared an article by Marion 
and collaborators™ in which structure XIV was assigned to the new alkaloid aspido- 
carpine from Aspidosperma megalocarpon Muell.-Arg., on the basis of NMR measure- 
ments and the conversion to apoaspidospermine (XVII). This, in turn, implies that 
pyrifolidine (X11) should be identical with O-methylaspidocarpine (XV) and deacetyl- 
pyrifolidine (XIIL) with O-methyldeacetylaspidocarpine (XVI). The recorded*™ 
physical constants for the two aspidocarpine derivatives are indeed very similar to 
those of XIL and XIIL except that the respective rotations are of opposite sign. Through 
the kind cooperation of Dr. L. Marion (National Research Council, Ottawa) direct 
comparison (infrared as well as chromatoplate mobility) between these two pairs 
could be performed and they were found to be identical except for the sign of 
rotation. Most importantly, the optical rotatory dispersion curves” of pyrifolidine 
(XII) and of O-methylaspidocarpine (XV)** were of mirror image type, thus showing 
the two substances to be antipodes. As aspidocarpine (XIV) has been related (including 
sign of rotation) to (—)-apoaspidospermine (XVII), pyrifolidine (XII) is the 16- 
methoxy analog” of the antipode*’ of (—)-aspidospermine (1). 

No indole alkaloids oxygenated at positions 6 and 7 (indole numbering) appear 
to have been encountered in nature"! prior to the isolation of aspidocarpine (XIV)™* 
and pyrifolidine (XII). Nevertheless, this type of oxygenation pattern may prove to 
be fairly common among Aspidosperma alkaloids and we have already encountered 
two additional members, whose structure elucidation is currently in progress in our 
laboratory.” 

rhe observation that pyrifolidine (XII) is antipodal at all asymmetric centers as 
compared to (— )-aspidospermine (1) immediately raises the question as to the stereo- 
chemical relationship of cylindrocarpine (Il) and cylindrocarpidine (XI). At the time 
that the conversion of cylindrocarpine (II) to deacetylaspidospermine (VII) had been 
accomplished in our laboratory, we had not suspected a possible enantiomeric 
relationship and no rotation was determined with the deacetylaspidospermine 
specimen derived from II. When the question became acute, an insufficient amount 
was left to perform such a measurement. However, it has been possible to settle this 
question with virtual certainty by the observation that the optical rotatory dispersion 
curves” of aspidospermine (I) and cylindrocarpidine (X1) are very similar throughout 
the entire spectral range and of identical sign (negative). Since the only difference 
between aspidospermine (1) and cylindrocarpidine (X1) rests in the side chain attached 


> K. Biemann. Tetrahedron Letters No. 15, 9 (1960) K. Biemann and M. Friedmann-Spiteller, /bid. 68 


(1961) 
24S. McLean, K. Palmer and L. Marion, Canad. J. Chem. 38, 1547 (1960) 
25 See C. Djerassi, Optical Rotatory Dispersion: Applications to Organic Chemistry p. 236. McGraw-Hill, 


New York (1960) 
“6 We are employing a numbering system for aspidospermine (I) as suggested by the Canadian authors 
(ref. 24) 
7 The relative (ref. 46) but not absolute configuration of aspidospermine is known. Hence the stereoformulae 
in this article are not to be considered as possessing absolute configurational implications. 
28 One of these is the 16-hydroxy analog of spegazzinine [O. O. Orazi, R. A. Corral, J. S. E. Holker and 
C. Djerassi, J. Org. Chem. 21, 979 (1956)}. 
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to C-5, it is inconceivable that these two alkaloids would exhibit similar rotatory 
dispersion curves unless their relevant asymmetric centers possessed the same absolute 
We feel confident, therefore, in attributing the identical absolute 


conhguration 
configuration to cylindrocarpidine (XI) and hence to cylindrocarpine (I1)”* as is 


found in ( )-aspidospermine (1) 
rhe presently established structures of cylindrocarpine (II), cylindrocarpidine (XI) 


and pyrifolidine (XII) warrant some brief comment with respect to biogenesis. In 
the absence of direct biochemical experimentation with labeled precursors —experi- 


ently desc | Aspidosperma species—the most 


characterization of a 
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of antipodal aspidospermine-type precursors. If the latter is the case, then this, of 
course, does not shed any light on the genesis of such antipodal aspidospermines. 
We believe that the structures of some of the Aspidosperma alkaloids now under 


investigation may have a bearing on this subject. 
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A greenish oil containing no alkaloids), benzene (fraction B), and chloroform (fraction C). The 
th ammonia (to pH 7), filtered to remove a tarry precipitate, and 
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6°68; N, 5-60; O, 12-60; OCH,, 6-08 
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Two perchlorates 
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ALKALOIDS OF GLYCOSMIS ARBOREA—IL' 
STRUCTURE OF ARBORINE 
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B. Dascupta] S. Datra® and H. K. MILter* 
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THE present authors have recently been able to clarify the position with regard to the 
structure of arborine. In view of some unusual claims and misrepresentations in the 
literature, however, it is desirable to present a review on the whole position in proper 
sequence before describing the results worked out recently 

The alkaloid, arborine, was isolated by Chakravarti and Chakravartir’* from the 
leaves of the plant known in Bengali as Ash-shoura It grows as a roadside shrub in 
the suburbs of Calcutta, and is extensively used in the Ayurvedic system of medicine as 
a febrifuge and as an anthelmintic The botanical name of this plant is stated as 
Glycosmis pentaphylla Correa in standard books on Indian medicinal plants and for 
this reason this particular name was mentioned in the earliest publication by Chakra- 
varti and Chakravarti.’ In view of the work of Narayanswami,* however, the name of 
the plant was changed to G/ycosmis arborea Correa in all the later publications by 
Chakravarti ef a/ 

The main points of difference between the two species will be evident from the 


botanical characteristics’ of the plants as presented below 

G. pentaphylla. Inflorescence, short axillary panicles; ovary fusiform, stalked, 
smooth, pitted glandular; leaflets entire, elliptic, obtusely acuminate; fruit globose, 
pitted glandular (Fig. 1) 


G. arborea. Panicles as long as or longer than leaf rachis, ovary ovoid, sessile, 


papillose ; leaflets crenate. dentate or serrate, oblong lanceolate, never entire; fruit 


globose, mamillate (Fig. 2) 


Part I (Mrs.) D. Chakravarti, R. N. Chakravar 
‘ 4 tic itt i-f 
vical Medicine, Cal 
Institutes of Healt! i 
and S. ©. (nakravart roc. 38th Indian Sci. Cong. Part 111, 79 (1951) 
®§ C. Chakravarti, D. Phil. Thesis entitled A/kaloids of Glycosmis arborea Correa. Calcutta University, 
June (1951) 
7 R. N. Chakravarti and S. C. Chakravarti, Proc. 39th Indian Sci one. Part 111, 100 (1952) 
® R. N. Chakravarti, and S. C. Chakravarti, J. & Proc. Inst. Chemists (India) 24, 96 (1952) 
* VY. Naravanswami. Records of the Botanical Survey of India 14, No. 2 (1941) 
© Herbarium sheets of G. arborea and G. pentaphylia, received from Dr. C. B. Sulochana, Coimbatore, are in 


accord with the observations of Narayanswami.’ 
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According to Narayanswami’ the plant Ash-shoura growing around Calcutta is 
G. arborea. In fact, this species occurs widely throughout India, whereas G. penta- 
phylla occurs only in the Eastern and the Western Ghats and in Orissa, although it is 
much more common in the Malayan peninsula. 


Fic. 1. Glycosmis pentaphylla Correa. 


Arborine,®* m.p. 155—156°, was found to be optically inactive. It was characterized 
by the preparation of the hydrochloride (m.p. 215° with partial melting at 106-108"), 
hydrobromide (m.p. 75—76°), hydriodide (m.p. 95-96°), nitrate (m.p. 116-117°), chloro- 
platinate, chloroauriate, picrate (m.p. 172-173"), styphnate (m.p. 194-195"), picro- 
lonate (m.p. 171°) and methiodide (m.p. 126-127"). On distillation with sodalime, 
it yielded methylaniline and toluene along with ammonia, and on hydrolysis with 
alkalis, it yielded N*-methylanthranilamide, N-methylanthranilic acid, phenylacetic 
acid, ammonia and a very weak acid, m.p. 221-222” termed arboricine. Also on 
catalytic hydrogenation in the presence of a platinum catalyst, arborine afforded a 
product, m.p. 199-200°. The latter on hydrolysis with hydrochloric acid gave N*- 
methylanthranilamide, N-methylanthranilic acid and phenylacetaldehyde. 
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The structure of arborine was established by Chakravarti et a/.':"' The correct 
molecular formula™ for arborine was found to be C,,H,,ON, and that of arboricine, 
C,,H,,;0.N. The hydrogenated product of arborine was found to be a dihydroarborine, 
C,,H,¢ON.. On the basis of the results of degradation, arborine was considered to be 


2-benzyl-1-methylquinazol-4-one (1) [his structure was established by a direct 
synthesis of arborine starting from N*-methylanthranilamide and phenylacetic acid 
through the intermediate product, N*-methyl-N*-phenylacetylanthranilamide (II) 
Arboricine was shown to be | ,2-dihydro-4-hydroxy-1-methyl-2-oxo-3-phenylquinoline 
(II1) (or its diketo tautomer) by synthesis of the product from ethyl phenylmalonate 
and methylaniline. The formation of arboricine (II]) during the alkaline hydrolysis of 
“ This paper was received for publication in London partly on March 23rd 1953, and partly on April 30th 


1953 


** Arborine was at first’ ascribed a double formula, C,,H,,O,N, 
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arborine (I) was indicated as taking place through the intermediate amide (II) and the 


corresponding acid. 


Crt) CH 


According to Robinson” arborine, from the standpoint of biogenesis ‘is obviously 
a condensation product of anthranilic acid (N-methylated), ammonia, and phenyl- 


acetic acid and was synthesized in accordance with this by its discoverers’. 


It may be mentioned in this connection that Chatterjee and Ghosh Majumdar," in 


their earlier attempt to verify the presence of arborine in the plant, could only isolate 
two minor alkaloids, namely skimmianine” and glycosminin. This was rather curious 
as arborine is found in the leaves to the extent of about 0-5 per cent, whereas the two 
minor alkaloids were found to be present to the extent of about 0-03 per cent and 


0-003 per cent respectively. Moreover, leaves of the plant received from this group of 
workers were also successfully used for the isolation of arborine by Chakravarti and 


Chakravarti.'® 
Later,'* Chaterjee and Ghosh Majumdar'* claimed the isolation of a new alkaloid, 


glycosine, C,;H,,ON, from the same plant. Melting points of arborine and glycosine 


and those of their derivatives are given in Table 1. 
Similarity between the two products side by side with the fact that both are 


obtained from the same plant” leads to the obvious conclusion that arborine and 


glycosine are identical, and this was pointed out by Chakravarti er a/.*° in a short 


communication 
glycosine (arborine) should be C,, 


It was also pointed out in this note*® that the molecular formula of 
sH,,ON, and not C,,;H,ON,, as suggested by 


8 R. Robinson, The Structural Relations of Natural Products. Clarendon Press, Oxford (1955), being the 


First Weizmann Memorial Lecture p 95 December (1953) 
4 A. Chattericee and S. Ghosh Majumdar, Science and Culture 17, 306 (1952) (communicated on Ist 


December, 1951) 
This product was given a new name, pentaphylline, although 
R. N. Chakravarti and S. C. Chakravarti, Science and Culture 
November, 1952) 


The second note 


found™ to be identical with skimmianine. 
18, 539 (1953) (communicated on 12th 


months after the 


* of Chatterjee and Ghosh Majumdar was communicated about four 
® by Chakravarti and Chakravarti but was published one month earlier 


communication of the cartier note 


by the authorities of Science and Culture 

A Chatterjee and S. Ghosh Majumdar, Science and Culture 18, 
March, 1953) 

The position with regard to the botanical name of the plant used by Chakravarti et a/ 
As regards the plant used by Chatterjee and Ghosh Majumdar, fragments 


505 (1953) (communicated on 4th 


has been clarified 


earlier in this communication 
us received from the senior worker were found” to have 


crenations and serrations’ character- 


of leaves 
istic’ of G. arborea and not G. pentaphylla 


2° (Mrs.) D. Chakravarti, R. N. Chakravarti and S. C. Chakravarti, Science and Culture 


18, 553 (1953) 


(communicated on 22nd April, 1953) 
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Chatterjee and Ghosh Majumdar."* It was observed*’.*' that arborine on catalytic 
hydrogenation yields dihydroarborine, C,,H,,ON,, m.p. 199-200", that arborine 


should be represented by the 2-benzylquinazol-4-one structure (1) and that this structure 


for arborine had already been confirmed by Chakravarti et a/. by a direct synthesis of 


the product from phenylacetic acid and N*-methylanthranilamide 
Nev ertheless Chatter jee and Ghosh Majumdar <3 continued to represent glycosine as 
C,,H,.ON,. It was stated that glycosine yields N-methylanthranilic acid on hydrolysis 


with alkali, indicating a 4-quinazolone structure. Although this finding is simply a 


confirmation of the same result observed in the case of arborine by Chakravarti e7 a/.*° 
these workers” still designated glycosine as a new alkaloid quite different from arborine 
On the basis of hydrolysis characteristics, it was stated that ‘glycosin 1s probably a 
3-substituted 4-quinazolone compound which again cannot explain the presence of a 

CONH group in glycosin as indicated by its I.R. data. The partial structure 1V was 
proposed in this communication but it is not at all clear how this can be developed to a 
3-substituted 4-quinazolone, since IV leads to only one complete structure V, which 
differs from that proposed by Chakravarti et a/. only by the missing CH, in accordance 
with the incorrect molecular formula proposed for glycosine 's.=0 In the subsequent 
note of Chatterjee and Ghosh Majumdar™ the molecular formula of glycosine was 
changed from C,,H,.ON, to C,,H,,ON, and the preparation of dihydroglycosine 
(m.p. 196°, dihydroarborine of Chakravarti et a/. m.p. 199 200°) by catalytic hydro- 
genation was described. They also proposed the structure VI which is simply the 


tautomeric form of I, for glycosine and claimed the synthesis of glycosine by a method 


similar to that of Chakravarti er a/.*° using phenylacetic acid and N*-methylanthranil- 
amide. This belated adoption of the earlier work of Chakravarti et a/. was made 
without reference** to the latter 


=! (Mrs.) D. Chakravarti, R. N. Chakravarti and 8. C. Chakravarti, Experientia 9, 333 (1953) (communicated 
on April 18, 1953) 

4. Chatterice and S. Ghosh Majumdar, Science and Culture 18, 604 (1953) (communicated on 18th 
May 1953) 

4. Chatterjee and S. Ghosh Majumdar, J. Amer. Chem. Soc. 75, 4365 (1953) (communicated on 22nd July 
1953) 


* The position in this respect is somewhat better in the detailed paper by Chatterjee and Ghosh Majumdar” 
on the subject. No mention has been made in this paper about their earlier * claim for the synthesis of 
glycosine 

*% A. Chatterice and S. Ghosh Majumdar, J. Amer. Chem. Soc. 76, 2459 (1954) 
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Since it is obvious that arborine and glycosine are identical, as was repeatedly 
pointed out by Chakravarti er a/.'.*° the repeated claims of Chatterjee and Ghosh 
Majumdar'*.*. for the recognition of glycosine as a new alkaloid are evidently 
untenable. As the name ‘arborine’ was proposed much earlier by Chakravarti and 
Chakravarti,’ who isolated it for the first time,® it is not at all necessary to retain the 
name ‘glycosine’ for this alkaloid. In any case ‘glycosine’ is not a suitable name for 
any new product in view of the fact that this name was used for the first time, about a 
century ago, by Debus*®.** to designate 2,2’-diiminazolyl.*’ In the unlikely event that 
it is possible for Chatterjee and Ghosh Majumdar to establish that the plant used by 
them was different from that used by Chakravarti et a/., it must be pointed out that the 
isolation of arborine from it was first carried out by Chakravarti and Chakravarti,'*-17 
who used a specimen of the plant received by them from Chatterjee. It may be noted in 
this connection that authentic leaves of G. pentaphylla of South India,” having no 
‘crenations and serrations’, were also successfully used by Chakravarti et al.*° for 
isolation of arborine 

Chatterjee and Ghosh Majumdar,™ however, made the interesting observation that 
arborine undergoes oxidative cleavage during oxonolysis and periodic acid oxidation 
with formation of benzaldehyde, and this constitutes the only original finding of any 
significance in the whole series of publications of Chatterjee and Ghosh Majumdar as 
quoted in this paper. In view of this, it is necessary to consider the structure VI for 
arborine side by side with the tautomeric structure I. The fact that arborine, on 
hydrolysis with alkali, yields phenylacetic acid':*-*° indicates the presence of a benzyl 
group (C,H,-CH,—) in the alkaloid, which is in favour of I. As stated above, however, 
ozonolysis and periodic acid oxidation of arborine yields benzaldehyde* and this 
observation has recently been confirmed by the present authors. In addition, it has 
been observed that oxidation of arborine with 6 per cent hydrogen peroxide also 
yields benzaldehyde. These latter findings indicate the presence of 2 benzylidene group 
(CgH;°CH=) in the alkaloid, which is in favour of VI. The synthesis of arborine from 
phenylacetic acid and N*-methylanthranilamide’:** apparently supports structure I, 
but this may as well be explained on the basis of VI for arborine. As has been stated 
above, | and VI are tautomers and hence appropriate physical data can be more 
profitably utilized than chemical reactions in order to determine the actual structure of 
arborine 

With the above object in view, |,2-dimethylquinazol-4-one and 2-ethyl-1-methyl- 
quinazol-4-one were prepared as models and the spectral data of these were compared 
with those of arborine. Similarly, 2,3-dihydro-1,2-dimethylquinazol-4-one and 2,3- 
dihydro-2-ethyl-1-methylquinazol-4-one were compared with dihydroarborine. For 
the preparation of the alkyl quinazolones a convenient method was to react N*-methyl- 
anthranilamide with the appropriate acid anhydride. 1,2-Dimethylquinazol-4-one 
(cf. Weddige*') and 2-ethyl-l-methylquinazol-4-one were obtained in this way, and on 


catalytic hydrogenation in presence of a platinum catalyst afforded dihydro-derivatives. 


* H. Debus, Liebigs Ann. 107, 199 (1859) 

=? K. Lehmstedt, Liebigs Ann. 456, 253 (1927) 

* E. H. Rodd, Chemistry of Carbon Compounds Vol. 1V, part A, pp. 292, 294. Elsevier, Amsterdam 
(1957) 

** Authentic leaves of G. pentaphylla of South India were received from Dr. C. B. Sulochana, Coimbatore in 
1953 

*° Chakravarti ef a/., unpublished results 

* A. Weddige, J. Pr. Chem. (2) 36, 154 (1887) 
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The ultra-violet absorption spectra of the above products were studied at concen- 
trations of the order of 2-4 mg per litre. Comparison of the U.V. curves of dihydro- 
arborine, and 2,3-dihydro-2-ethyl-1-methyl- 


quinazol-4-one with that of N*-methylanthranilamide in ethanol (Fig. 3) clearly 


indicates a close similarity in the unsaturated systems of all these products. Intro- 


lamide 


duction of the double bond in the 2,3-position, as in arborine, | ,2-dimethylquinazol- 
4-one and 2-ethyl-1-methylquinazol-4-one, brings about a large change in the U.V 

picture. It is evident that the similarity of the U.V. absorption curves of the set of 
three is still maintained both in ethanolic (Fig. 4) and in chloroform (Fig. 5) solutions, 
but these curves are found to differ greatly from those of the respective dihydro- 
derivatives and from that of N*-methylanthranilamide. This fact naturally leads to the 
conclusion that although the unsaturated system present in the dihydroquinazolones 
and the quinazolones may differ considerably, those of 1,2-dimethylquinazol-4-one, 
2-ethyl-1-methylquinazol-4-one and arborine are quite similar and that the second 
benzene nucleus of arborine (i.e. the one in the benzy! group in structure I or the one in 
the benzylidene group in structure VI) makes no major contribution in the spectra in 
the ultra-violet region of the alkaloid. As the two 1,2-dialkylated 4-quinazolones have 
no enolizable proton, there are no tautomeric forms in these cases and they should be 
represented by structure VII (R = Me, Et), and arborine, on account of its close 
similarity with the 1,2-dialkylated 4-quinazolones, may be represented by a similar 
structure VII (R CH,°C,H,), both in chloroform and in ethanolic solutions. 
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Fic. 5. U.V. curve of arborine -, 1,2-dimethylquinazol-4-one , and 2-ethyl-1- 
methylquinazol-4-one in chloroform 
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The U.V. spectra of arborine, 1,2-dimethylquinazol-4-one and 2-ethyl-1-methyl- 
quinazol-4-one were also studied both in acidic and in alkaline solutions. The solvent, 


Vii 


for the purpose, was prepared by diluting | ml aqueous N HCI and | ml aqueous N 
NaOH respectively to 10 ml with ethanol. As is evident from the similar nature of the 
U.V. curves of the set of three in decinormal aqueous alcoholic hydrochloric acid 


(Fig. 6) and in decinormal aqueous alcoholic sodium hydroxide solution (Fig. 7), 
the similarity in the U.V. light absorption systems of the three products are 


log 


A mM 
Fic. 6. U.V. curve of hydrochlorides of arborine , 1,2-dimethylquinazol-4-one ; 
and 2-ethyl-1-methylquinazol-4-one . in 01 N aqueous alcoholic hydrochloric acid 


solution. 


maintained in these solutions. indicating that arborine is possibly 2-benzyl-1-methyl- 
quinazol-4-one (1). It may, however, be pointed out that 3-methylquinazol-4-one™ 


shows U.V. spectrum similar to those of the quinazolone derivatives mentioned above, 
indicating that the spectra of quinazol-4-one derivatives in such cases remain more or 
less the same, irrespective of whether the double bond is in the |,2-position or in the 
2,3-position. Introduction of the benzylidene group as in structure VI, however, may 


2 (Miss) J. M. Hearn, R. A. Morton and J. C. E. Simpson, J. Chem. Soc. 3319 (1951) 
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be expected to cause a much greater change in the unsaturated system of the alkylated 
quinazolones mentioned above. 

For further clarification of the position, a study of the infra-red spectra of the 
related products was undertaken. It may be mentioned in this connection that 
according to Chatterjee and Ghosh Majumdar,” arborine(glycosine) ‘shows absorption 
bands at 3 « (—NH or OH group or both), at 6-1 « (aromatic amido group) and at 


Fic. 7. U.V. curve of arborine , 1,2-dimethylquinazol-4-one .. . . ., and 2-ethyl-1- 
methylquinazol-4-one in 0-1 N aqueous alcoholic sodium hydroxide solution. 


6:2 « (—C—C— group)’. In the present instance, the infra-red spectra were observed 
in the solid phase using potassium bromide pellets, and also in chloroform solution; 
other solvents were employed in a few instances. The solution path length was approxi- 
mately 0-50 mm (in some cases, | mm); solutions were observed at approximate 
concentrations of 30 mg substance/ml chloroform, and dilutions were made to give 
concentrations of 6 mg substance/ml chloroform, as intensities required. In some 
cases, the spectra were recorded at three different concentrations. All values for wave- 
lengths were obtained after making corrections for atmospheric water vapour, atmos- 
pheric carbon dioxide, and ammonia vapour in a 10-0cm gas cell at atmospheric 
pressure (approximately 760 mm Hg). 

For determination of the I.R. spectra, the specimens, after crystallization, were 
dried at 100° and mailed to Bethesda from Calcutta. These were then desiccated over 
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phosphoric anhydride at atmospheric pressure. Nevertheless all the samples showed 
considerable absorption (Figs. 8 to 23) in the N-H and O-H stretching region of the 
infra-red (Table 2). According to Jones and Sandorfy™ the ranges for N-H and O-H 


bonding centre types are as in Table 3. In view of the frequency overlap for such 


bonding species, it is seen that the presence of associated solvent containing —-OH or 
water would render any unequivocal differentiation between N—-H or O—H stretching 
impossible in this region. The wavelengths for maximum absorption for O—H and 
N—-H stretching® are quoted in Table 4 


Potassium bromide pellet 


max 


1,2-Dimethyliquinazol 2-93 3477 ?-94° 
4-one 


Arborine 
Dihydroarbori: 


2.3-D 


methyk 


w0. 3150 


Absorption in the 2:5 « to 3-3 mw region is found to be practically identical for 
| .2-dimethylquinazol-4-one and arborine. This observation indicates one or more of 
the following possibilities 

(a) both substances possess the same type of functional centres capable of proton 
bonding 

(b) both substances contain solvent or water of crystallization 

(c) both substances contain N—H or O-—-H groups 

To test for the presence of solvation, each sample was dried at 125-130°/0-005 mm 
for three hours, then quickly weighed and the spectrum redetermined in chloroform 


* R. N. Jones and C. Sandorfy, Technique of Organic Chemistry Vol. IX p. 510. Interscience, (1956) 


2 
i max max A max 
366 2-73 3425 2-92 3534 2-83 3414 2-93 
14? 2-92 ~3300* ~3-03* 3448 2-90 ~3289* ~304* 
— 4-onc 
3-Dihydro-2-cthy »-9? ~3300* ~3-03* 4% ?-9] 3247 +-O8 
I-methvigu i-4-onc 
I ind the ib *) indicat S cr ~ dicates ‘approximately 
Bond centre type c A max 
OHO 3500-3200 2:86-3:13 
OH O--<4 W 3-83 
NH: 3300-3240 
NHeoeN 33-317 
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solution (Figs. 24 to 27). The ratios of the optical density of each ‘solvent’ band to the 
corresponding C—H stretching frequency maximum was determined by a relative base 
line method (Table 5). A decrease in this ratio would indicate that the absorption in 
the 2:5-3-3 uw region was probably due to a hydroxylic solvent of crystallization. 


TABLE 4 


Mode of motion Species type cm A max (4) 


O—H stretch Free OH group 3636-3610 2-752 
| 


Free NH of N—mono- 3500-3400 


substituted amide 


N H stretch 


NH stretch in solid 


spectra of amide 


H stretch 3280 


NH stretch in solid 3060 


mia 


spectra of a 


Transmittonce, 


Woveleng!h, 


Fic. 9. LR. curve of 1,2-dimethyliquinazol-4-one in K Br pellet 


n chloroform solution, and the 


The intensity of this band diminishes with increased amide concentration 


absorption is absent from the solid phase spectra. 
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I.R. curve of arborine in KBr pellet. 


ransmittonce, 


Wavelength, 


Fic. 15. 1.R. curve of dihydroarborine in KBr pellet 


: 
237 
2. 

| 
Fic. 13. 

| a \ / / | 
] TH If 
J 

\ 
I 14. I.R. curve of dihydroarborine CH¢ 

50 - ++ 

| | 


D. CHAKRAVART! ef al. 


18. I.R. curve of 2,3-dihydro-1,2-dimethylquinazol-4-one in CCl, 


238 
| 
J¥ V 
16. LR. cu 3-d 1.2 CHE 
4 ~ “we 
| 
| 
2 ' 
| | 
q 
I 17. LR irve of 2,3-dihydro-1,2-dimethyla ol-4-one in CS 
* 
| | 
| 
: 
Wavelength 


Alkaloids of Glycosmis arborea—II 


nazol-4-one in K Br pellet 


Fic. 21. I.R. curve of 2,3-dihydro-2-ethyl-1-methylquinazol-4-one in CS, 
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Transmittonce, 


Wavelength, 


I.R. curve of in CCl,. 
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I.R. curve of 2,3-dihydro-2-ethyl-1-methylquinazol-4-one in KBr pellet. 


Woveiength, 


Fic. 24. LR. curve of specially dried sample of 1,2 dimethylquinazol-4-one in CHCI,. 
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Transmittance 


y dried sample of 2-ethyl-1-methylquinazol-4-one in CHC], 


Fic. 26. I.R. curve of specially dried sample of arborine in CHC] 


Wovelength 


Fic. 27. 1.R. curve of specially dried sample of dihydroarborine in CHC), 
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This method, as here applied, may be considered sufficiently accurate to give the 
direction of the ratio shifts. In the case of 2-ethyl-1-methylquinazol-4-one, the drying 
procedure gave optical density ratios for wet and dried materials which did not show a 


decrease after drying. Comparison of the spectra of the wet (Figs. 8, 10, 12, 14) and 


Taste 5. N—H STRETCHING REGION ABSORPTION FOR WET AND DRY SAMPLES 


Base lin in 2-60 and 3-70 


Arbitrary base 


ne data Her O.D hand Dry (hand) 


O.D. O.D. « H St) 


dried (Figs. 24 to 27) materials in chloroform solution did not disclose any profound 
changes in the region 5-0 to [5 mu indicating that besides the change in the solvate 
structure, the drying procedure did not bring about any other more serious change in 
the molecules 

For 1,2-dimethylquinazol-4-one, 2-ethyl-l-methylquinazol-4-one and arborine, 
the drying procedure employed did not completely remove all absorption from the 
N-—-H stretching region. After the above drying procedure, absorption still remained 
in all three compounds as a broad absorption maxima in the 2°95 uw region in chloro- 
form solution, while the absorption at 2-74 microns, although much decreased in 
intensity, also remained. Band contour changes were observed in the 2-95 u band for 
| .2-dimethylquinazol-4-one, 2-ethyl-l-methylquinazol-4-one and arborine. The for- 
mation of a shoulder was observed at approximately 3-04 « in the case of 1,2-dimethyl- 
quinazol-4-one and arborine, and partial disappearance of a shoulder at the same 
wavelength occurred in the case of 2-ethyl-1-methylquinazol-4-one. Such changes are 
most probably due to different hydrate or solvate structures arising from the drying 
operation. These data demonstrate the difficulties in the interpretation of N—H 
stretching absorption in the presence of water of crystallization or hydroxylic solvation 
It is, however, important to note in this connection that absorptions in the N—H 
Stretching region, as presented in Table 2, in the case of 1|,2-dimethylquinazol-4-one 
and 2-ethyl-l-methylquinazol-4-one cannot be due to NH or OH groups as these 
compounds do not contain any such group, actual or potential. Also, in the case of 
arborine it cannot be assumed that absorptions in the N—H stretching region are 
necessarily due to the presence of NH or OH groups; the circumstances noted in the 
above models may well be operative 

Absorptions in the 1400 to 1750cm™' region of the infra-red for the various 
specimens are presented in Table 6. Culbertson e7 a/.” determined the infra-red spectra 


*” H. Culbertson, J. G. Decius and B. E. Christensen, J. Amer. Chem. Soc. 74, 4834 (1952) 


: 
Substance 
ban 
1.2-D 2-72 0-314 0-056 
quina j-one 0-468 0-293 
2-Ethyl-1-methyl- »-74 0-018 0-073 
quinazol-4-one 2-94 0-227 0-374 
Arborine 2 72 548 0-094 
»-9§ 0-705 0-266 
Dihvdroarboru 2-93 1-62 2-17 
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of a number of quinazolones and quinazolines, including | .2-dimethylquinazol-4-one. 
His data for the latter are also included in Table 6. The differences between the data of 


the present authors and those of Culbertson, for 1|,2-dimethylquinazol-4-one, arise 


from the fact that the values of Culbertson were obtained using slit widths approxi- 
mately three times wider than those used for the quoted observed values and also that 
the substance in the literature was observed as a Nujol mull. No corrections for wave- 
length or frequency were given.” Except in those cases where pressure or chemical 
reaction with potassium bromide occurs, spectra observed in Nujol are usually the same 
as those observed in potassium bromide, when the regions of Nujol absorption are 
taken into consideration. Different crystalline forms obtained by crystallization from 


different solvents also cause large differences in the spectra of solids 

Culbertson ef a/.™ assign values of absorption bands associated with the N- 
linkage in quinazolines as shown in Table 7. His greatest interest was in the region 
1500 to 1700 cm! (6°67 to 5-88 a), where absorption arises from O N 
and groups, and in the case of amide linkage, from N—H and possibly C—-N 


linkages also. The complexities and difficulties involved in interpretation of the 1500 


to 1700 cn region in amide spectra are ably discussed by Bellamy.*’ In connection 


TABLE 7 N-ABSORPTION ASSIGNMENTS OF CULBERTSON ef 


N-Absorption 


1625 
1612 
1593 
1664. 1608 


1645 


with these considerations. observations of the 1500 to 1700 cm! (6°67 to 5°88 a) region 

in the infra-red for arborine and dihvdroarborine indicates that hydrogenation causes 

disappearance from the complex of an absorption at 6°52 4 (1531 cm ') as is evident 

Table 6. It is Important to n at whereas arborine, | ,2-dimethylquinazol-4- 

one and 2-cthyl-|-met! sinazol-4-one all have an absorption peak in this region, 


dihydroarborine, 2,3-dihydro-1 ,2-dimethyliquinazol-4-one and 2,3 dihvdro-2-ethyl-I- 


methylquinazol-4-one have none in this region. This fact naturally suggests that an 


absorption close to 1531 cm‘ may represent the contribution of the C--N-linkage 
in the quinazol-4-one absorption complex 


221 John Wiley, New York 


2 
i 
Substance 
2-Mecthviquinazol-4-one & 15 
3-Methy $-one 620 
2.3-D < ‘ t-one 28 
, 
1.2-Dimethyla izol-4-one 6& 26 
601, 622 
Quina ? 608, 622 
i 
J. Bellamy, Jnfra-red Spectra of Complex Molecules (2nd Ed.) pp. 20) - 
1958) 
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A survey of the spectra of Culbertson et al. of quinazolines and quinazolones 
indicates that the 1531 em” (6°52 «) absorption might occur only in those substances 


in which the system: 


Ar—C—N=—C (Ar aromatic ring) 


exists, since all other materials which contain C—N— not so linked do not show an 


absorption peak at this frequency In all the cases considered by Culbertson ef al. the 


presence of the linkage 


O R 


C—N (R H or CH,) 


is also attended by the absence of the 1531 cm™* (6 §2 wu) absorption This fact. 
coupled with the observations concerning | .2-dimethylquinazol-4-one, 2-ethyl-1- 
methylquinazol-4-one and arborine on the one hand, and 2 3-dihydro-1,2-dimethyl- 
quinazol-4-one, 2. 3-dihydro-2-ethyl-1-methylquinazol-4-one and dihydroarborine on 


the other, suggests that arborine exists in the form as 2-benzyl-1-methylquinazol-4-one 


(1) containing the grouping Ar—C N—C .and not as VI which does not contain 


} 


this grouping Intensity data for the 1531 cm~! (6°52 w) absorption relative to the 
1653 (6°05 mw) and 1605 (6°23 absorption maxima tend to substantiate 


this view, since for all the molecules which contain the linkage Ar—C—N=C these 


relative intensities are uniformly constant in the solid phase, and the order of inten- 


sities is not altered in chloroform solution It is to be noted in this connection that, 


though intensity data are helpful here there is no precise relation between intensity of 
absorption and molecular constitution in this series of compounds 

Consideration of the absorptions of the hydrogenated derivatives of arborine and 
of the alkylated quinazolones in conjunction with those ol the parent products 
indicates that in these instances the absorpuuon noted in all spectra ol the materials 


examined, at approximately 1466 cm™'! (6°68 yu) ts less intimately involved with the 


( N—( linkage system than are the absorptions of the complex which occur in 


the region of 1605 cm (6:22 u). 1451 cm to 14635 cm 1 (6-89 to 681 

1443 cm! (6-97 to 6°93 yw). In dihydroarborine, the carbonyl absorption is shifted to 
1667 cm ' (6°00 w) Tron the value 1642 cm (6-09 uw) observed in the unsaturated 
system present In arborine. This 1s a shift of 25cm~', and is of the same order of 


magnitude as that noted by Culbertson ef al..™ for carbonyl groups linked with 


C—N-system as compared with the phenyl ring conjugation Similar shifts have 


3 
= 
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also been noted in the absorptions in this region in the cases of the alkylated dihydro- 
quinazol-4-ones (cf Table 6) 

The 1610 cm™' (621 absorption in arborine shows splitting at 1603 
(6°24 «) in chloroform solution, but not in the solid state (KBr pellet) spectrum 
This may be interpreted as caused by some effect other than a shifted absorption due to 
an exocvelic d bond (162 n', 615 «), since the only other sign of splitting in 
1603 cr abs ion 1 the case of 2-ethyl-l-methylquinazol-4-one. In 


dihydroarbori th it ty of the 1613 (6°20 absorption ts appreciably 


altered, which ation that the unsaturated linkage contributes to the intensity 
in this reg 

ted quinazol-4-ones show absorption in the region 1730 

form solution and in th T 1715-1724 cm"! 

are not due to any carbonyl! impurity, they 

are obviously a i th the unsaturated system in the 1 ule, as this absorption 

iS NOt present in Ul in arborine and the two alkylated dihydro- 
quinazol-4-ones ined olumn of Table 6.) 

The shoulder at about 3-28 to 3-30 uw appearing in the spectra of most of the 
products examined m is probably associated with the aromatic ( H 
stretching frequencies the 1 ules, and 1s somewhat better defined in the spectra of 
arborine and dihydros Higher resolution than ts ; “<d by a sodium 
chloride prisn yuld obviously give better definition in this region. Absorptions in 
the region between 3 and 3 “ are associated with the (¢ H stretching vibration 
for methyl and methylinic groups. The spectra of the |,2-dimethyl and 2-ethyl-1- 
methyl derivatives in chloroform show rather strong but poorly resolved absorption in 
this region. which is observed to be much less intense in e cases of arborine and 
dihydroarborine where the benzyl grouping has replaced an aliphatic radical. The best 
solid phase resolution for this absorption region is seen in the cases of 2-ethyl-1- 
methylquinazol-4-one and dihydroarborine 

The region between approximately 7-30 u and 15-00 uw contains absorptions inti- 
mately associated with vibrations and deformations unique for a particular molecular 
species. This is illustrated by the greater differences observed in this spectral region for 
arborine and dihydroarborine. This “finger-print region” does contain some bands 
whose frequencies have diagnostic value. One such absorption, which characterizes a 


trisubstituted double bond 


occurs between 840 and 810 cm™' (11-91 to 12°35 w).** Since absorption peaks in this 


region are also present in the spectra of 1,2-dimethylquinazol-4-one and 2-ethyl-1- 


methylquinazol-4-one, in additon to that of arborine, it is obvious that absorption in 
this region Is unable to establish the presence of a trisubstituted exocyclic double bond 
in these compounds 

Summing up the whole position with regard to the data for I.R. spectra as presented 


* R.N. Jones and C. Sandorfy, Technique of Organic Chemistry Vol. 1X, p. 378. Interscience, New York 
(1956) 
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above, it may be stated that support is given to the view that arborine exists as 2-benzyl- 


|-methylquinazol-4-one (1) and not as the tautomeric form VI 
Nuclear magnetic resonance data were obtained on Varian equipment utilizing 


deuterochloroform as solvent and tetramethylsilane as an internal standard. The 


sample was excited with a sixty megacycle radio frequency, using a side band of 


approximately six hundred cycles 


There are fourteen protons in arborine. Disregarding for the moment the possibility 


of tautomerism between structure | and structure VI, nine protons are located on 


aromatic nuclei, four of these on an ortho-substituted aromatic ring and five on a 


monosubstituted aromatic ring. These protons are in different positions, though in 


similar chemical environments. The three protons located on the N-methyl carbon 


atom are another group of protons located at a chemically different site in the molecule 


Both the aromatic and the methyl! protons cannot be involved in a tautomeric process. 


However, if the tautomerism does indeed occur, two protons represented as attached 


in one tautomeric form (1) to the methylene of the benzy! group, and in another form 


Vl as attached to a nitrogen atom and to a vinyl carbon atom, give rise to two distinct 


chemical environments which are easily recognized by nuclear magnetic resonance 


technique 


Approximate 
X-axis y No. of 
Peak labe Proton assignments integrate 
CYCICS/ 
area (P.U.) 


protons 


CH, protons in (CH,),Si 


A (1*) 218-2 protons of N—CH, group 16 3 
B 256°? protons of benzvl-CH group 1] 2 
C (2*) 438-4 protons of benzyl-pheny! group 

protons of quinazolone aromatic 50 Y 


group 


The nuclear magnetic resonance spectrum of arborine in duetet chloroform, with 


tetramethylsilane as an internal standard is presented in Fig. 28. The integrated area 


(P.1 planimetric area units) was directly determined planimetrically from the 


experimental curve. Such areas are not highly accurate on the scale used. The number 


of protons corresponding to a particular peak is proportional to the peak area. 


The area of the N—-CH, proton peak was chosen as an area of reference standard, 


giving 5-33 planimetric area units per proton. The results obtained are presented in 
Table 8. It is clear from this Table that the fourteen protons of arborine have all been 


well accounted for. 


; | 
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re) 
leuterochiorolorm with tetramethy! 
ve if of arbor ein Ggeule 
TABLI 
0 0 


248 D. CHAKRAVARTI ef ai. 


The complex structure embracing the regions C and D may be interpreted as 
follows: 

C—This signal is due to the five benzyl-aromatic protons. 

D (Complex)—This is due to the four aromatic quinazolone protons. 
As regards the possibility for the tautomeric form VI for arborine, it may be pointed 
out that the N—H proton, if present, might be difficult to locate (region F of Fig. 28) 
as a result of confusion with the C—D complex. There should not, however, be any 


CH¢ ising the specim ecovel »y removal of deutero- 
ft N.M.R 

doubt as to the absence of the vinyl proton in view of the absence of vinyl absorption 
in the appropriate region (region E of Fig. 28). Thus the integrated area count for the 
protons gives strong support to the 2-benzyl-1-methylquinazol-4-one structure (1) for 
arborine 

As a further check, after determination of the N.M.R. spectrum the arborine used 
for the pur pose was recovered by evaporation of the deuterochloroform. The recovered 
arborine was then used for the infra-red determination. This I.R absorption curve 
(Fig. 29) for arborine was found to be the same as that of arborine as obtained 
previously (Fig. 12), practically in all detail except for an intensity difference and small 


wavelength shift for the absorption in the region of 900 cm Chis difference is most 


probably due to traces of deuterochloroform remaining in the product after evapora- 


tion of the solution for recovery of arborine, as no special precautions were taken to 
remove the last traces of the solvent and as deuterochloroform has a characteristic 
absorption in the region 900 cm! 

It is interesting to note that the dissolution of arborine in deuterochloroform did 
not change the character of the spectrum in the region 2:5 to 3-0 uw. Ifan active proton 
were present, as is the case with structure VI, the broad absorptions of low intensity 
in the region of 2-5 to 3-0 « would be expected to be shifted towards higher wavelength. 
That this does not occur in this instance lends support to the proposition that no proton 
is present which easily exchanges with deuterium in deuterochloroform under the 
conditions of simple mixing. In other words, this finding is also in line with the view 
that arborine exists in the form | and not in the form VI. 

Considering all the results stated above it may be concluded that arborine exists as 
2-benzyl-1-methylquinazol-4-one (1) both in the solid state and in solution and that 


: 
: 
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this is the stable form even in moderately acidic or alkaline solutions. As regards the 
oxidative degradation of arborine leading to the formation of benzaldehyde, it is 
quite possible that this reaction takes place through the intermediate formation of a 
small proportion of the tautomeric form VI which is highly reactive towards the 
oxidizing agent and is continuously produced; there are many well-known analogies. 


EXPERIMENTAL 


Arborine required for the work was obtained from the leaves of Glycosmis arborea Correa by the 
method of Chakravarti et a/.' It has a marked tendency to form crystals with solvent of crystallization. 
On crystallization from benzene containing a little ethanol it is obtained as C,, H,,ON,, CyH,. Also 
when crystallized from a large volume of water it yields crystals having the composition CigH,yONg,, 
2H,O. For the present work, arborine was purified by repeated crystallization from benzene-ethanol ; 


the solvent of the crystals was removed at 100 
Dihydroarborine was obtained by hydrogenation of arborine in alcoholic solution in presence of a 


platinum catalyst as described previously It was purified by repeated crystallization from a mixture 


of chloroform and ethanol, m.p. 199-200 


Periodic acid oxidation of arborine. The oxidation of arborine with periodic acid was carried out 


following the conditions used by Chatterjee and Ghosh Majumdar Benzaldehyde obtained on 
steam distillation of the product was converted into the 2,4-dinitrophenylhydrazone. On crystalliza- 
tion from aqueous ethanol it had m.p. 236° (mixed m.p compared with an authentic specimen). 


he yield was, however, quite low. In the detailed publication by Chatterjee and Ghosh Majumdar** 


there is no mention about the yield 

Ozonolysis of arborine. Arborine (200 mg) was dissolved in anhydrous chloroform (20 ml) and 
cooled in a mixture of ice and salt, and ozonized oxygen was passed till no more absorption of ozone 
After removal of excess of ozone in a current of dry nitrogen and then the solvent under 


occurred 
Although the odour of 


reduced pressure, the residue was decomposed with water and steam-distilled 
benzaldehyde in the distillate was quite strong, it afforded the 2,4-dinitrophenylhydrazone of benzalde- 
also carried out in acetic acid solution following 


hyde in very poor yield. Ozonolysis of arborine was 
Chatterjee and 


the same procedure, but in this case also the yield of benzaldehyde was very poor 
Ghosh Majumdar did not mention anything about the vield obtained by their method.’ 

iction of hydrogen peroxide on arborine Arborine (2:0 g) was heated with hydrogen peroxide 
(30 ml of 6°) on the steam-bath in a current of nitrogen, water being added from time to time to keep 
as it p issed out of the flask, was bubbled through a 


Within a short time an orange 


the volume of solution constant. The nitrogen ga 
solution of 2,4-dinitrophenylhydrazine in aqueous hydrochloric acid 
yellow precipitate separated. On crystallization from ethanol 11 had m.p. 235-236° and was found to 
be identical with the 2,4-dinitrophenylhydrazone of benzaldehyde by comparison of mixed m.p 


In this case also, although the nitrogen gas coming out of the reaction flask had quite a prominent 


odour of benzaldehyde, the yield of benzaldehyde was extremely poor 

1 ,2- Dimethylquinazol-4-on A mixture of N?-methylanthranilamide (1:2 g) and acetic anhydride 
(1-1 ml) was heated in an oil-bath at about 150° for 2 hr under partial reflux. The temp of the bath was 
then gradually raised from 160° to 190 during 20 min, and kept at 190° for about 10 min. The product 
was treated with sufficient ethanol and evaporated to dryness on the steam-bath, and this process of 
evaporation with ethanol repeated once more. It was then dissolved in a large excess of hot ethyl 
acetate, filtered while hot, and the solution concentrated, when 1,2-dimethylquinazol-4-one was 
obtained in yellow needles, m.p. 203-204" (Weddige*’, m.p 199°), yield 0-94 g. As noted by W eddige, 


it has a strong tendency to retain moisture as water of crystallization and is hygroscopic; it is readily 


soluble in ethanol. 

2,3- 1 ,2-Dimethylquinazol-4-one (0-8 g) was dissolved in 
ethanol (20 ml) and shaken with Adams’ platinum oxide catalyst (80 mg) under pure hydrogen. 
About 120 ml of the gas was absorbed, representing approximately one mole of hydrogen after taking 


into consideration the amount absorbed by the catalyst. The deep yellow colour of the original 


solution changed to light yellow at this stage and the solution acquired a strong violet fluorescence. 
It was filtered from the catalyst and the filtrate concentrated to a small volume and cooled in ice, when 


faint yellow (almost colourless) prisms of 2,3-dihydro-| ,2-dimethylquinazol-4-one were obtained, 


yield 0-62 g. It was further purified by crystallization from ethyl acetate, m.p. 151-152". (Found: C, 


. 
- 
> 
4 
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67-8; H, 6-7; N, 163; M.Wt. 177. CyoHwON,-requires: C, 68-1; H, 6:8; N, M.Wt. 176) 
Unlike dihydroarborine, this dimethyldihydroquinazolone is readily soluble in ethanol. 
2-Ethyl-\-methylquinazol-4-on \ mixture of N*-methylanthranilamide (1-0 ¢) and propionic 


anhydride (1-2 ml) was heated in an oil-bath at 150-160° for 2 hr under partial reflux. The temp was 


then gradually raised to 190° during 20 min, and kept at 190° for about 10 min. The product was 
worked up as in the case of prepara rethylquinazol-4-one and crystallized from ethyl 
acetate llow prisms, yield 0-62 g, 
m 148 2 hmetny ull tis n and is readily soluble in ethanol 


(Found: ¢ 


col ries 


requires 


: 
70-5: H, 6-2; N C,,H,.ON, requires: ¢ H. 64: N. 149%) 
2,3-Dihyd 2-ethyl-|-meti guina 2-Ethyl-l-met 1701-4-one (0 was dissolved 
in ethan (20 jand ike inp m oxide (70 Iroge About 97 ml of the ga 
2G was absorbed represe y al one ec of en (exclu pt by the catalyst). At this 
Stage the 4 ve Cok | cli pict aischarged d the solution 
had a str et Hhuorescence The product wa ed a the case Of the correspondl y dimethy 
compound, yield 0-4 2.3-D 2 a t-one crystallizes from ethyl acetate | 
np. 134-135° d: C, 693; H S; N, 14:5; M.Wt. 200. C,,H,,ON 
if C, 69-4 H N. 14-7 M.Wt.190) 
led (sratci ink re due to Sir Robert Rol lor Kee nterestin this work 
a Thanks are lue to Dr. I M Dr. I Becker, M \. Wr tand Mr. R. B. Bradley _ 
for the ely th Mess! Glaxo Laboratories Ltd 
: : Greenford, Middlesex f i research fellowship t { the au rs (S. D.) beige 
: 
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ALKALOIDS OF GLYCOSMIS ARBOREA—iT 
STRUCTURE OF ARBORININE 
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(Received 8 June 1961) 


Abstract— Arborinine is identical with the 2,3-dimethoxy-1-hydroxy-10-methylacridone of Hughes et al. 


ARBORINE and arborinine were isolated®~* from the leaves of G/ycosmis arborea 


Correa and the structure of the major alkaloid, arborine, was established':*!" as 
2-benzyl-l-methylquinazol-4-one by Chakravarti et a/. Aborinine crystallizes in yellow 


needles, m.p. 175-176", and gives a deep green coloration with alcoholic ferric 
chloride." It was found’® to have the molecular formula, C,,H,,O,N. The value ob- 
tained for N-methyl indicated the presence of one such group, but that for methoxy 


was somewhat higher than that forone OMe. Arborinine was found to be optically 


inactive.' 
In a recent short communication by Pakrashi et a/."* arborinine was identified 


with a known product, 2,3-dimethoxy-l-hydroxy-10-methylacridone (I), prepared syn- 


thetically by Hughes er a/.-"* and later isolated from Evodia alata." The same result 


was also obtained independently by the present authors, although for various reasons 


the present communication has been delayed 18 However, as the lines of approach 


are different the details of the results obtained are being reported 


On re-examination of the composition of arborinine it was observed that it has 


two methoxy groups in addition to one N-methyl group and one active hydrogen. It 
gives arborinine acetate, C,,H,;,O,N, having two methoxy, one N-methyl and one 
acetyl groups, and arborinine benzoate, C,,H,gO;N, having two methoxy, one N- 


methyl and one benzoyl groups 


Part Il: D. Chakravarti, R. N. Chakravarti, L. A. Cohen, B. Dasgupta, S. Datta and H. K. Miller, Tetra- 
hedron 16, 224 (1961) 
Address School of Tropical Medicine, Calcutta-12 
Addres Bethune College, Calcutta-6 
* Address National Institutes of Health, Bethes« 
Address: Walter Reed Army Institute of Research, Washington-12 
®* R. N. Chakravarti and S. C. Chakravarti, Proc. 38th Indian Sci. Cong. Part 111, 79 (1951) 
R. N. Chakravarti and S. C. Chakravarti, Proc. 39th Indian Sci. Cong. Part 111, 100 (1952) 
* R. N. Chakravarti and S. C. Chakravarti, J. and Pri Inst. Chemists (India) 24, 96 (1952) 
*(Mrs.) D. Chakravart R. N. Chakravarti and S. C. Chakravarti, Experientia 9, 333 (1953) 
© (Mrs.) D. Chakravarti, R. N. Chakravarti and S. C. Chakravarti, J. Chem. Soc. 3337 (1953). 
ferric chloride coloration of arborinine Chatterjee and Ghosh Majumdar’ con 


la 


‘In spite of the strong 
fused arborinine with skimmianine just because these are obtained from plants of the same genus and have 


the same m.p 

'2 R. N. Chakravarti and S. C. Chakravarti, Science and Culture 18, 539 (1953) 
Asima Chatterjee and S. Ghosh Majumdar, Science and Culture 18, 604 (1953) 

"S.C. Pakrashi, 8. K. Roy, L. F. Johnson, T. George and Car! Djerassi, Chem. & Ind. 464 (1961) 

'* G. K. Hughes, K. G. Neill and E. Ritchie, Aust. J. Sci. Res. A 3, 500 (1950) 

* G. K. Hughes and E. Ritchie, Aust. J. Sci. Res. A 4, 430 (1951) 

7 R. J. Gell, G. K. Hughes and E. Ritchie, Aust. J. Chem. 8, 114 (1955) 

'® Even the comparison of mixed m.p. of arborinine with the authentic specimen, kindly supplied by Dr. E. 
Ritchie of the University of Sydney, was carried out before the publication of the short communication 


by Pakrashi et al." 
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On heating with concentrated hydrochloric acid, arborinine gives norarborinine, 
C,;H,gO,N, having one methoxy and one N-methyl group. It gives a dark brown 
coloration with alcoholic ferric chloride. Unlike arborinine, however, it is soluble in 


aqueous alkali. Norarborinine yields a diacetate, C,,H,;O,N, having one methoxy, 


one N-methyl and two acetyl groups, and a dibenzoate, C,,H,,O,N, having one 
methoxy, one N-methyl and two benzoyl groups 

Evidently, arborinine contains a hydroxy group. The green coloration produced 
by arborinine with ferric chloride is not due to any oxidative change but due to salt 
formation, as arborinine can be recovered unchanged from the green solution. This 
indicates the presence of a very weakly acidic hydroxy group in arborinine although 
the latter is not soluble in aqueous alkali. The I.R. spectrum of arborinine is inter- 
esting in this respect. In chloroform solution it shows a very weak absorption peak 


between 3470 cm™'! (2-88 uw) and 3510 


(2-85 uw) (Figs. | and 2) which is absent in 
Nujol mull (Fig. 3). In view of this discrepancy, the spectrum in chloroform was 
determined in two different laboratories (Figs. | and II). Possibly it is not due to 
hydroxylic impurities in chloroform. The U.V. spectrum of arborinine was deter- 
mined in ethanol but as the data are practically the same as those of Pakrashi e7 a/.™ 
it Is NOt Necessary to record these here. At this stage, the identical nature of arborinine 
and (1) of Hughes er became evi- 
dent and a mixed m.p. determined with an authentic specimen’® established their 
identity. It may, however, be pointed out that all the available physical and chemical 
data regarding this product, including those for the N.M.R. spectrum," are also in 
agreement with the tautomeric structure (11), which, on the other hand, may be more 
helpful in explaining the nonreactivity of arborinine towards aqueous alkali. The 
position with regard to hydrogen bonding is practically the same in both these 


Structures 


Arborinine does not appear to be an artifact as it can be isolated from the leaves 
of Giycosmis arborea, without the use of any acid, by extraction with petroleum ether 
(40-60°) in a Soxhlet." The method used by Hughes er a/.'’ for isolation of this 
product from Erodia alata involves use of hot 5 per cent hydrochloric acid. As under 
similar conditions the corresponding trimethoxy compound, which is also present in 
the same plant, is demethylated to arborinine’’-”* it ts difficult to establish that the 


latter is actually a constituent of the plant, Zvodia alata 


EXPERIMENTAI 


as described 

ld could 

October, towards 

um vield in Marc April from 

matu aves he position t pect, with regard to arborine ts just the reverse. Pure arborinine 

has m.p. 175-176 (Found: OMe, 21-2; NMe ; a Active H, 0-36. Calc. for C,.H,O,N 
2 OMe, 21:7; NMe, 10-2; 1 Active H, 0-35 


av 
: Me OMe 
Me OMe 
NMe NMe 
aie 
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irborinine in 1°, solution in chloroform, light path 1-0 mm ( 
and 0-2 mm ( -) 


Fic. 2. LR. Curve of arborinine in 


{rborinine acetate The acetylat out by refluxing arborinine (1-0 ¢) with acetic 
anhydride (5 ml) for 10 hr } ww, arb acetate separates ou it ystallizes from chloro- 
form-—ethi ain woul p. 215-2 ras ai.,’* acetate 
m.p. 209-2 ) (Found ) N Me CH,CO, 14-0, C,,.H,-O,N 
requires 660; H 2 OMe, 

irborinine benzoate Benzoviation of arborini was benzoyl chloride and 
pyridine in the usual way On li zation iron } rm-ethanol arborinine 
benzoate was obtained in faint yellow (almost colourless) needies, m.p 257-258 (Found: C, 71-1; 
H, 4-8; N, 3-7; OMe, 14-9; NMe, 6°5; C.3H,yO,N requires: C, 70-9; H, « N, 3-6: 2 OMe, 16°0: 
NMe, 7-5”,) 


7 \ 
Aig? 
4000 2000 50 80 
re 
| 
es |’. solution in chloroform, light path 0-5 mm 
sis 
| 
le 
j 
‘ 
if 
aL +. LR. Curve of arbor ec as Nujol mul 
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Norarbhorinine A rborinine Ue) was refluxed with conc hydrochloric acid (50 mil) for 10 hr 


After this ile still hot. th ar i guid was decanted from a little black sticky matter and 
diluted \ ‘ inine was obtained as a yellow precipitate. It was purified 
by crvystalliz } thar 242-243 yield OGe. It g a dark brown 
t ible aqueous alkah. Arborinine 

n rbor 8 ODtained in needics having a deep yellow 


OMe, 11-0; NMe, CyHyO,N requires: C, 664 


on trom chioro- 
40: OMe, 9-4 
NMe, 8:1 2 


— 
colour (Found: C, 664; H, 49: 5); 
H. 48: N. OMe. 11-4: NMe. 10-7°.) 
\ rte pre red similar to arborinmine acetatc 
NMe, 7-4: CH,CO, 25-1: C,,H,-O,N requires: C, 64:2; H, 4:8; N, 3-9; OMe, 8 
CH.CO, 242°.) 
\ er it “wa prep ed to arbor ber ile 
Norart ate btained needle chloroform-ethanol, m.p. 246 
247 kage at 244 (1 C, 72:2: H, 44; OMe, @2; NMe, 63: requires 
72+ H. 44: OMe. 64: NMe. 60°.) 
4 i. icknowledgeme! I ks are due to Dr. S. C. Chakravarti and Dr. P. C. Maiti for their help the ey 
early the w irc gue Glaxo Laboratornes Ltd (sreeniord 
Middlesex for a researc one of autnor} S.K.B 
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salt from the bark of 


Abstract 


I st conngu lio ia) ort acid follows 


is from the results 


or de 


SEVERAL compounds belonging to the diterpene group have recently been isolated 
‘4 The steam volatile oil from the bark 


from the heartwood of Juniperus communis | 


During a recent reinvestigation of 


of the same species was first studied by Mattson 
the bark. carried out in this laboratory, a number of monoterpenes” as well as sesqui- 
were isolated. We have now examined the 


terpenes, eg. longifolene and juniperol,’* 


non-volatile acid components of the bark. 
The chloroform extract of the bark is partly soluble in light petroleum. By shaking 


the latter solution with sodium hydroxide the sparingly soluble sodium salt of a new 
The structure and 


diterpene acid, communic acid, separates. 


configuration la is proposed for this acid 
Communic acid is very sensitive to acids and polymerizes on keeping and has not 


been obtained in a crystalline form ® It is converted with diazomethane into the 


crystalline methyl ester (Ib), 
the methyl ester shows the presence of two conjugated double bonds and the compound 
[he infra-red spectrum of methyl communate 


m.p. 105-106 The ultra-violet spectrum of 


gives an adduct with maleic anhydride 
indicates the presence of at least one exocyclic methylene group which is also present 


in the maleic anhydride adduct 
The mass spectrum of methyl communate indicates that communic acid is a 


bicyclic diterpene acid and the presence of a strong peak at m/e 181, (C,,H,;O,), 
shown to originate from ring A in similar con pounds by rupture of the C(6) C(7) 
® is in accord with structure Ib. 


and C(9)—-C(10) bonds and removal of hydrogen,' 


* Preliminary communication. Ref. 9 
Science, Osaka City University, Osaka, Japan 


Present address: Faculty of 


J Bredenberg and J. Gripenberg, Acta Chem. Scand. 8, 1728 (1954) 
J. B. Bredenberg and J. Gripenberg, Acta Chem. Scand. 10, 511 (1956) 
‘J. B. Bredenberg, Acta Chem. Scand. 11, 933 (1957) 
‘j) B. Bredenberg. Acta Chem. Scand. 14, 385 (1960) 


G. Mattson, Bidr. Fin Na Folk. H 72, 1 (1913) 
® H. Erdtman and T. Kubota, Acta Chem. Scand, in press 
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new diterpenc acid, communic acid, has been isolated as its sodium 
the commor 
from dir t corre tions with torulosol and with agathene dicarboxylic acid as well (Zi _ 7___ 
vradation experiments 
| 
255 
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Catalytic hydrogenations of sodium communate under different conditions 
followed by acidification furnishes di-, tetra- and hexa-hydrocommunic acid (Ila, II, 
IV). They are all oils, the tetra- and hexa-hydroderivatives probably being mixtures of 
stereo-isomers. Only the dihydroderivative shows an infra-red absorption attributable 
to the presence of an unsymmetrically disubstituted double bond. None of the hydro- 
genated acids exhibit any ultra-violet absorption characteristics of a conjugated diene. 
The formation of the fully saturated hexahydroderivative proves that communic acid 
is bicyclic. 

Ozonolysis of methyl communate affords a crystalline keto-acid (Va). C,,H.,O;, 
m.p. 171-172°, and formaldehyde in an amount corresponding to the presence of two 
terminal methylene groups. Methyl dihydrocommunate (IIb), gives the same degrada- 
tion products and, in addition, methyl ethyl ketone which accounts for all the carbon 
atoms present. The tetrahydrocommunic acid preparation also affords methyl ethyl 
ketone on ozonolysis together with an amorphous dicarboxylic acid. These results 
can be explained on the basis of structure la for communic acid, Ila for dihydro- and 
Ill for tetrahydrocommunic acid 

The keto-acid (Va) seems to be identical with a compound, m.p. 171-172°, obtained 
by Ruzicka er a/."' from agathene dicarboxylic acid. (Methyl esters both b.p. 165 
0-1 mm). No direct comparison, however, could be made. The formation of the 
keto-acid (Va) from agathene dicarboxylic acid may be due to an abnormal course of 
ozonization or, perhaps more likely, to the presence of 10-20 per cent of a /,y-un- 
saturated isomer in the agathene dicarboxylic acid preparation of the Swiss authors. 

Reduction of the keto-acid (Va) with potassium borohydride affords a y-lactone 
(VI), C,,H.,O, which is stable to hydrogen bromide and therefore should be the 
cis-lactone."* (For similar compounds and reactions compare ref."*""). Reduction of 
the keto-acid (Va) or the lactone (VI) with lithium aluminium hydride gives the triol 
(VII) 

When methyl communate (Ib) is reduced with lithium aluminium hydride a 
liquid alcohol, communol (VIII) C,,H,,O is obtained which ts characterized as its 
3,5-dinitrobenzoate (m.p. 115-117) and as its maleic anhydride adduct. Reduction of 
communol with sodium in propanol affords isodihydrocommunol (IX), C,,H,,O0, due 
to 1: 4-addition. This liquid alcohol forms a liquid acetate and ts characterized as its 
3,5-dinitrobenzoate (m.p. 107-108"). Isodihydrocommunol acetate on ozonolysis 
furnishes a crystalline acetoxy-diketone (X), m.p 112-5 in very 
good yield as well as formaldehyde and acetaldehyde, isolated as their 2,4-dinitro- 
phenyl hydrazones 

The evidence so far adduced strongly suggests that communic acid contains a 
side-chain, possessing the structure CH,—CH=C(CH,)—CH=—-CH, and the 
formation of a y-lactone (V1) indicates that the side-chain is attached to the rest of the 
molecule at a carbon atom next to an exocyclic double bond 

Communic acid is related to torulosol'® (X1) by the following reactions. Torulosol 


is dehydrated with a mixture of acetic acid and acetic anhydride to the trienol (X11)"’ 


"LL. Ruzicka. E. Bernold and A. Tallichet, Me Chem. Acta 24, 223 (1941) 
RP. Linstead, Ann. Rep. Chem. S 32, 13 (1935) 

3 P K. Grant and R. Hodges. Tetrahedron 9, 261 (1960) 

“MIL. Ruzicka and M. M. Janot, Me Chin icta 14, 645 (1931) 

ol Lederer and D. Mercier, Experientia 3, 188 (1947) 

* C. Enzell and S. R. Barreto, Acta Chem. Scand. in press 

a Enzell, Acta Chem. Scand. in press 
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H 
“Coor 


Ila R:H 
ITb R:CH, 


L 


(Asay 227 mu Methyl communate 7 


2» 
232 


nu) which on reduction with sodium in 
propanol furnishes the dienol, (1X), the 3,5-dinitrobenzoate of which is identical with 
the corresponding derivative of isodihydrocommunol. These results establish the 
structure of communic acid as well as the configurations at C;, C, and ¢ 19 Since 
torulosol has been related to manool of known configurations at these centres.'* 

Communic acid is also related to agathene dicarboxylic acid as follows Dimethyl 
agathene dicarboxylate is reduced with lithium aluminium hydride to agathadienediol 
(XI11), the diacetate of which is ozonized to give the acetoxydiketone (X) (mixed m.p., 
identical I.R. spectra of the diketones as well as their 2,4-dinitrophenyl hydrazones). 
When agathadienediol (XIII) is oxidized with manganese dioxide, an «,/-unsaturated 
aldehyde (XIV) is obtained and on thermal isomerization" yields the /,-unsaturated 
aldehyde. Ozonization of this substance, which would be analogous to the presumed 
impurity in the agathene dicarboxylic acid preparation ozonized by Ruzicka et al., 
yields an hydroxy-keto-acid which is reduced to the triol (VI1) 

The configurations at all the asymmetric centres in communic acid follows from 
these interrelations. The configuration at Cy, in agathene dicarboxylic acid has been 
uncertain but it has recently been determined by interrelation with manool via 
torulosol.'’ The steric arrangement of the hydrogen atoms at the trisubstituted 
double bond remains to be determined 

Methyl communate is recovered largely unchanged after boiling with methanolic 


potassium hydroxide solution (0-5 N) for two hours in agreement with the axial 


orientation of the carboxyl group at C,." The hydrogenated communic acids are 


'* G. Ohloff, Tetrahedron Letters No. 11, 10 (1960) 
'* F. E. King, D. H. Godson and T. J. King, J. Chem. Soc. 4102 (1954). 
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weaker*’*' than similar acids possessing equatorial carboxyl groups as shown in 


Table | which also contains the pK y,. values for some diterpene acids which have not 


been included in earlier investigations 


| 


tion D 


to 


Isola 


\ 
a 
chlor 
mixed 
when 
sod un 
strong 
was 


lizations ter and three fror \ 
93, MeOH). (Foun 70-5: H 9-05: Na 6 


20.000) 


Methyl communate (1b) 
Crude sodium communate (25 g) was suspended in water 1.) and shaken with ether (1 1.) 


Hydrochloric acid (2 N, 100 ml) was added quickly wi vigorou { The organic phase was 
washed several times with wat d over anhydrou liur | [ ) excess of diazo- 


methane added. After 8 hr the solvent was removed by distilla nd the brown crystalline product 


vith benzene 


(24 g) was chromatographed four 6 Datches on a le I 


light petroleum (1:1) gave methyl communate (18-6 g) which was recrystallized from methanol-—ether, 


2° R. D. Stolow, J. Amer. Chem. Soc. 81, 5806 (1959) 

*! J. F. J. Dippy, S. R. C. Hughes and J. W. Laxton, J. Chem. Soc. 4102 (1954) 

22 W. Simon, He Chim. Acta 41, 1835 (1958) 

23 P_ F. Sommer, V. P. Arya and W. Simon, Tetrahedron Letters No. 20, 18 (1960) 
2 VP. Ayra. P. F. Sommer and W. Simon, unpublished work 

* Vv. P. Arya, C. Enzell, H. Erdtman and R. Ryhage, Acta Chem. Scand. in press 
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m.p. 105-106", [x]p +48 (ec, 2). (Found: C, 79-5: H, 10-0; OCH,, 9-9 and C—CH,, 7-9. C,,H;,0, 
requires: C, 79-7; H, 10:2; OCH, 10.0%). U.V. Ang, 232 my (e 25,500). I1.R. (KBr) Peaks at 
3125, 1625, 995 (CCI,: 3110, 1615, 990)(—-CH=—-CH,), 1790, 890 (CCI,: 1780, 886 (>C=CH,), 1725 


(CCI,: 1720 cm~ (ester) 


The compound gave a light brown colour with tetranitromethane in chloroform solution and 


24 hr and 2-1 moles in 7 davs (ether, 4°). On titration 


U 


consumed 1:20 moles of perphthalic acid in 


with bromine in chloroform, 2:9 moles were consumed 


ite 
anhydride adduct of methyl communate 


Mal 


Methvl communate (100 mg) was dissolved in dry benzene (1 ml) contau ng maleic anhydride 
(31 mg). After 12 hr at room temp, the solvent was evaporated and the residue crystallized from 
wcetone—water. Needles, m.p. 169-171", [x] 86° (c, 1-43). (Found: C, 72-0; H, 8-2: 7-5 
C.,,H,,0, requires: C, 72°4; H, 8-3: OCH, 7°5%). U.V. Ama 211 my (e 3,000) and 235 my (e 900) 
I.R. (KBr) Peaks at 1840, 1775 (anhydride 1720 (ester) and 890, 1645 cm { ( CH.) 


‘rrocommuni 


Dihy 


Sodium communate (685 mg) in dry methanol (20 mi) was hydrogenated in the presence of a 10‘ 


pal idium-on-charcoal catalyst (100 mg) until! one mole hydroge nad bee ibsorbed The 
‘ filtered solution was diluted with water (100 ml) and acidified with dil hydrochloric acid solution 
(20 | d c lt extracted etne The « (595 mg) obtained was distilled twice 
ny 16 15 (Found: ¢ 8-6: H, 10-7. C.,H..0. requires: C, 78-9; H, 
10-6 U.V. 206 my (¢ 5,500). 1.R. (CCI,) Peal 890. 1650 ( CH.) 1695 (carboxyl). 
Ihe compound gave a yellow colour with tet et! € chloroform, and consumed 1-95 


wl 
moies 


Methyl dihydrocommunate 


. Methyl communate (3 ) dissolved in et nol (100 mi) was hydrogenated over a 5 palladium 

ae charcoal catalyst (0-6 g) until one mole of hydrogen had be adsorbed Ihe filtered solution was 
evaporated and the residue distilled at ib 148-149 0-5 mm [x (¢c. 1°9) 


(Found: C, 79-3 H, 10°6 and ¢ CH, 11-0. H.,O. C, 79:2: H, U.\ 205 mu 
(e 8,140). I.R. (KBr) Peaks at 1720 (ester), 1645 and 885 cm (>( CH The compound 


consumed moles ol per] 


Tetrahydrocommu acid (11) 


Sodium communate (856 mg) in dry methanol (30 ml) was hydrogenated over a 10 palladium- 
charcoal catalyst (220 mg) til two moles of hydrogen were absorbed. The oily product (730 mg) 
was isolated as abo ind distilled ny 1-5482 iF 38° (c, 2-4). (Found ( 78:3: H, 10-95; 
O, 10-5. C.,.H,,O. requires: C, 78-4; H, 11-2; O, 10-4°%,). No U.V. absorption above 210 mu LR 


(CCI,) Peaks at 1692 (carboxyl), 2980, 1384 cm (—CH;) 


Hexahyvdrocommunic acid (AV) 


Sodium communate (342 mg) in dry methanol (10 ml) was hydrogenated over a platinum oxide 


catalyst (42 mg) until 3 moles of hydrogen had been absorbed and the oily acid (302 mg) was isolated 


list 1. My 1-5364, [x], +45° (c, 1-4). (Found: C, 77-7; H, 11-3 and C—CH 


as above and d illed ind 
12-2 ( H..O. requires ( 77-9 H. 11-7 ) No U.V absorption ibove 210 mu LR. (CC l,) 


Peaks at 1695 (carboxyl), 2990, 1385 cm~! (—CH,). No colour reaction with tetranitromethane 


Ozonolysis of methyl communate 


Methyl communate (575 mg) in methylene chloride (30 ml) was ozonized at 70° until a blue 


Water (100 ml) was added and the mixture boiled under reflux for 2 hr. After cool- 


colour appeared 


ing the two layers were separated and the aqueous phase extracted with | 


light petroleum. Formalde- 


hyde dimethone (400 mg) m.p. 191° was isolated from the aqueous phase on treatment with dimedone. 


(Yield: 1-4 moles of formaldehyde from one mole of methyl communate) 


The mixed organic phases were separated into an acid fraction (a) and a neutral fraction (b). The 


acid fraction was crystallized from methanol giving colourless prisms of the keto-acid (Sa; 48 mg), 


>, 
| 
: 
ip 
* 
a. bromine 
> 
hr) 
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c, 1). (Found: C, 648: H OCH,, 10-7. C,,H,,0; requires 


10-5 1.R. (in KBr) Peaks at 1724 (ester), 1702 (carbonyl) and 1695 


iira-red abs rption at 


), 2722 and 1715 


MeOH 


(Vill) 


hyl communate (250 mg) in dry ether (30 ml) was slowly added to a suspension of lithium 
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(weak esence of ico droxy! group on 
iid cic tne corresp to the Keto-acid (5a) In a second 
: 
The keto-ac ‘ e the oils er (5b) which was 
d H..O. r C658: H, 8-4 
| \ y ¥ needics! nmet! 
f | ( H N ( ( 6-3: H. 6? and 
ca < AC ine 2.4-c ropre yvdra rk 4 
Potassium } hye the keto 4(Va) (V1) 
To the keto-ac \ 10 ter (10 ml) potassium borohydride 
(O00 vicle the re left at ro for 
was obt < rex 63-164 10 1-4 
i: 68 8: 6. re res: ©. 68S: H, 8 ER. ¢ K Br) Peaks at 
1775 (5-4 
he cl ed alter tx >with 25 ethanolic hydrogen bromide 
Lithium « ” het (Va) fo thet (Vil 
ihe Ke cK ether (50 if vdride (SI meg) : 
re . ( the 218-22 0 0 McOH) Found 
C,. 70-1; H, 10-8. C,.H,.O, x C. 70-3; H, 110%). LR K Br) Peaks at 3490, 3395, 3260 ; 
reduction of the amorphous neutral ozonolysis product of methyv! 
cv © Tul shed the same tri 
Communol 
; 
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aluminium hydride (125 mg) in dry ether (20 ml) and boiled under reflux for 4 hr. The unreacted 


hydride was decomposed and on evaporating the organic solution a colourless liquid (216 mg) was 


obtained. This was chron atographed over a short column of alumina (grade I, 6 g). Elution with 


benzene-light petroleum (1:1) gave a colourless viscous oil which was distilled. nj 1-3742, [a]p 
18° (c, 2). (Found: C, 83-1; H, 11:2. CyoH,,0 requires: C, 83-3; H, 11-2%). U.V. Aggy 233 mp 


(¢ 22,460). I.R. (in CCI,) Peaks at 3560 (hydroxyl), 3100, 1605, 995 (—CH-—CH.,), 1790, 890 (con- 


jugated double bonds), 1645 cm ' (>C--CH,) 


The compound exhibited a brown colour reaction with tetranitromethane in chloroform 


Communol 3 ,5-dinitrobenzoate 


2 ml) was left with 3.5-dinitrobenzoy!l chloride 


of communol (135 mg) 


A solution 


at room temp for 24 Ihe resulting red-orangs | (169 mg) was purified by chromat graphy on a 
short column of alumina (grade II, 15 g). Elutior th light petroleum—benzene (4:1) gave a product, 

; m.p. 110°. Needles from methanol-ether, m.p. 115-117 tly +7 C, 67-4; H, 7-1 and 
N, 61. requires: C, 67-2; H, 7-1; N, U.V. Aggy 232 (e 30,200) 


Valei communol 


anhydride adduct of 


Communol (1101 ide (31 mg) at 


room temp for 24 hr. The solvent was evaporated and the residue (120 mg) was first crystallized 
from acetone-isopropy! ether and later 4 times from acetone-—light petroleum. Needles. m.p.185—187 
[x] 49° (c, 2). (Found: C, 74:1; H, 8-8. C,,H,,O, requires: C, 74-5; H, 8-9%). U.V. Ag, 


237 mu (e 1-680). I.R. (KBr) Peaks at 3460 (hydroxyl), 1845, 1750 (anhydride). and 886, 1645 cm 


(1X) 


lsodihydrommuno 


pyridine 


(10 ml) on the ste sath for After 2 ht om temp er vas isolated 


” 39), 


lotr ny ride crvst | pet rto 6U 6UU meg) 


111-112-5°. Several recrystallizations from the same solvent gave the c te liketone (10) 
m.p. 112°5-113 ar 29-6 (c, 1°48). (Found: C, 70-4: H, 9:2; O, 19-85 and —COCH,, 13-55 
C,,H,,O, requires: C, 70-8; H, 9-4; O, 19-8 and —COCH,, 13-4°%,). U.V. A 282 mu (e 56). LR 
(CCI,) Peaks at 1712 (carbonyl), 1740, 1240 cm ' (acetate) 


4 
i 
ae To communol (2:8 g) in absolute propanol (45 (3 g) was added in portions during 2hr 
a The reac mixture is poure o cold hvdrox ric acid (2 N. 500 ’ ! extracted with ether 
(c, 3). (Found: C, H, 11-5 and C—CH, 11-4. C,,H,,0 re re C, 82 H, 11-8%,). 
a a a 208 my (¢ 3,470). I.R. (CCI,) Peaks at 3570 (hydroxyl) d 886, 1647 cn (>¢ CH,) 
lsoditvdrocommunol 3.5 nitrobenzoate 
lsodihydrocommunol (1 g) was heated with 3,5-dinitrobenzoyl chloride (1 g) in dry Em 
Repeated crystallizations from methanol-ether gave crystals, m.p. 107-108, [x]p a 
(Found: C, 66:7: H, 7-4: N. 5-9. C,-H,,O,N, require ( 69: H 5: N, 
Is ‘ 100 cet 1(Ac.O. dine. ) The oil (912 
°) ob ed Fo ( 0: H.10 COCH 6. ¢ H..O 
C. 79-4: H. 10-9 and COCH LR. (ce Peaks a 40, 1240 (acetate), 890 
1655cm (> CH,). No hydroxy! ba 
4 (/ronolvsis of drocon d 
: fsodihydrocs KK e (800 etl e chloride (30 ml) i mized as usual at 
70. Glac cid (30 ert di the re ken for 2 hr 
The filtered sol d wit it t rorously 
cted twK 0 . A (A) 
2,4-dinitrory nyl j lor B low I e rel ifter 
ren 


boiled under 


um aluminium 


hydride g)ind ther mil) by boiling der ! r. The reaction mixture gave a gum 
(1-42) wh d from 1 ano py! » 107-108 (Yield Ig). (Lit m.p 
107-108 ) 


Ruzicka and J. K. Hosk 
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The cous soluth \ still tion (B) and the Kurc 
H l cted h 
( H ( Hi 08 (e 9-110) 
LR. (KBr) P 0 C-CH,) 
reflux for The 
C, 666; H, 7-4 ‘ C,;H,,.0.N C, 66°9; H, 7-5 and N, 
D ft xX! 
C..H,,O.N H 1.R. (KBr) Peak 1725 (ester) d 
645 ( CH 1630 ¢ 
‘ R 
. . ‘ 
‘ | b te 107-108 
i ( \ ene KVIK | (100 meg) infvdrous 
the 1-4962 ( | I i: C. 724; H, 93. 
re C, 72:4: H, 9 220 (e 13,000). 1.R. (CCI,) Peaks at 1722 (ester), 1698 
(carbox 1652 (cor d dout hond), 89 (>< CH.) 
oa The omethyl est methylated t ymmethane to the dimethyl ester which after 
1-5199 63 Lit by 196-198 O6 mm. 7 15163. [al, 
54-6 to 61-1) 
{vathadienediol (X11) 
Dimethyl agathene dicarboxylate (2 in dr ther (40 ml) was reduced with lith 
q 
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rathadienediol diacetat 


hydride) at room temp. The product 


iwasal vas tw dist 5. Ia] (c. 2-2). (Found: C. 73-6: 


and —-COCH, 22-0. C,,H jul and —COCH 


22-0°%) 


70° as usual 


ust (3 g@) tor 
ne chloride 
This was 
yvdiketone 


dentical 


1g product 


at room 
tions were 
gave crystals, 


H, 10-9°%,) 


hloroform 
H, 7-3 


s (bath temp 140 
to crystallize. On 
ned about 90% 
onized in 

iced with 

m.p. 218 


for the crude chloro- 
liscussions, 

Dr. A 
for 

the 

Ciba | Ti nbridge, for a post- 


S. Army and Development Liaison group for 


Ad 
Ae 
5 
Agat 
4, 
Ozonolysis of avathadi« ol diacetate 
+} (YOO me) in methvic oride t. ) was ozonizead 
rvst vice tron | troleur 112-5-113 al e or mixed with a 
rea D | icetatc The fra-red spectra we 
"he ine. m.p. 241-242” was also identical with the corresponding 
from wodihvdrocom | acetate 
Vaneanese di he m of agathad lio lehvde (X1V) 
A sathadienedio is icetone (300 1) was stirred with manganese dioxide ( 
: e: temp for 15 hr. The so material was washe ‘ cetone and the combined acetone 
pora 1 to drynes ine re (| 4 recryst itn ISO} 
: mn. 73-74 4° (c. 2) (Found: C. 78-9: H, CopH requires: 
\ 239 mu 15,450 
id (XIV) formed a 2,4-dinit envlhydrazone, orange-red needle 
methar mrp 137-133 (Fo ( 64-2 H, 7°5 N_ 11-6. ¢ H,,O,N, requires C, 
and N, 11°5”,) 
on of the aldehvde (X1V) to the ol 
The x.f-unsaturated lehvde 1-8 was heated in a distillation apparat 
fae 0-01 mm) when lowly tilled (in about hr). The distillate (1-63 g) refuse 
} natoer ali bta i whic! ccording t UV ind I.R. data c 
of insaturated aldehyde and 10 rf ed materia This product (1 
lw ecomposed ter. The acidic product (0-5 
’ lithium alun in ydride in dry ether The reduction product, crystals [rom me 
220 was identical (mixed n p ind I.R.) wit tne | iol (VIL) 
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Abstract I JENce 1s pres ited to how that commic acid I ‘ best represented by (VI), namely 
18,26,39-trihydroxyurs-|2-ene-23-oic acid. Several unusual reactions of this stem are discussed 


rHe acid components of Commiphora pyracanthoides Engl. ( C. glandulosa Schinz) 
resin consist of small amounts of a monohydroxy acid (commic acid B). together 
with two dihydroxy acids (commic acids C and D) and a trihydroxy acid designated 
commic acid E.* In Part II,* the structures of the dihydroxy acids were discussed: 
in particular, acid D was linked with /-boswellic acid’, thus fixing the carbon skeleton 
From its reactions, commic acid D was shown to be a 2.3-dihvdroxy-urs-12-ene-2? Mor 
24)-oic acid, the 28. 32 orientation being preferred for the hydroxyl groups, and the 


23 position for the Ca 


boxyl group 


The present communication concerns the structure of commic acid E. Of the 


three hydroxyl groups present in the methyl ester, two are readily esterified.2, Chlorina- 
tion of the diacetate with phosphorus oxychloride resulted in a chlorodiacetate 


which, on reduction in the presence of alkaline Raney nickel, yielded a dihydroxy 
ester that proved to be identical with methyl commate D. Commic acid E was thus 
shown to be an urs-12-ene derivative (a fact already suspected when it was found that 


the chlorodiacetate was inert to selenium dioxide). and to have a 2.3-dihvdroxy 


Z2Xor 24)-carboxylic acid group as D, with the same stereochemistry about at least 

the 3 and 4 positions. This reaction does not permit a definite stereochemical assign- 


ment about C-2, nor does it supply information about the position of the third 
hydroxyl group. Indeed, the two hydroxyl groups in the chlorodiol (obtained on 


hydrolysis of the acetate) are not the same as those of methyl commate D. since the 
| 


latter is definitely a cis-1,2-glycol,* whilst the former did not react with either periodic 


acid or lead tetraacetate. The reductive dehalogenation must therefore be associated 
with a rearrangement of the oxygen atom 

Information concerning the whereabouts of the third hydroxyl group and the 
stereochemical relationship between the 3-hydroxyl and the carboxyl groups was 
provided by periodic acid oxidation of commic acid E and its methyl ester. The oxida- 
tion product from the acid was neutral, and its infra-red spectrum showed a strong 
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hydroxyl absorption, and most surprisingly, a single carbonyl peak at 5-62 yu, corre- 
sponding to a 5-membered ring lactone. Since commic acid E itself shows no tendency 
to lactonize, the lactonization must occur with an oxygen function at C-2, transformed 
by the periodate oxidation from a sterically unfavourable to a favourable orientation. 
Furthermore, the third hydroxyl group must be at C-1, since the formation of a 
5-membered ring lactone requires an unbroken chain of four carbon atoms C-23-4-3-2) 
so that the cleavage must have occurred between C-1 and C-2. To account for the 
disappearance of both aldehyde groups during the periodate oxidation, acetalization 


must have occurred not only by the lactonization of the C-2 aldehyde, but also in 


some way at the C-1 aldehyde. Of the possible structures for the periodate oxidation 


product of commic acid E (Ila), we prefer Illa, in which the ring containing the 
oxygen takes up the chair conformation with the lactone in the stable cis-form.° From 


structure IIla it may be seen that the carboxyl and the 3-hydroxy group in acid Ila 


are frans-oriented. On account of the relatively easy hydrolysis of the ester, we chose 


¥ 


> The spontaneous lactonization and hemiacetalizatior possesses the most stable 
possible structure moreover the hemiacctal formation must oO r ver ipidly, otherv se 
cleavage between C-2 and C-3 would take place pimer t ) al } und the mild reaction conditions 


seems very unlikely 


q 
a 
| 
RO 
R=} 
Til R=H 
: 
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the equatorial 4x-configuration for the carboxyl group (as in I[*), resulting in the 
‘-configuration for the 3-hydroxy group, allocations that were confirmed by sub- 
sequent reactions to be described 

The periodic acid cleavage product of the ester (IIb) also exhibits only one carbonyl 
absorption band in its infra-red spectrum, namely that associated with the ester group, 
and we consider its structure to be best represented by [Va. In accord with structures 
Illa and IVa, the oxidation cleavage products ided a di- and monoacetate re- 
spectively (IIIb and IVb), neither acetate exhibiting hydroxyl absorption in the infra- 
red. The assumption that the periodic acid cleavage of the ester also involved 1|,2-bond 
rupture (and not 2,3-) was supported by the sodium borohydride reduction of the 
C-2 aldehyde in IVa (present here as a hemiacetal) which gave a 5-membered ring 
lactone (V) 

onfirmat |,2,3-trihydroxy group in methyl commate E (IIb) was 
provided by ults o lations using lead tetraacetate. Using glacial acetic 
acid as solvent, I-8 alents \ consumed, but the only product that was 
isolated was a sn il t of poun In glacial acetic acid-chloroform 


(1:1), 2 equivalents lead tetraacetate consumed, although no crystalline 


2 equ 
product was 


We now wishe iin further information about the steric relationship between 


the other hvdroxyvl groups in ring A. In addition to the two easily esterified hydroxyl 


groups, characterise¢ 1 diacetate* and a dibenzoate, the third hydroxyl group can 


vigorous conditions, and a triacetate can be obtained from 


(IIb). Since chlorination of the free hydroxyl in the ester 


irolysis vields a 1.3-diol (see above), the hindered hydroxyl 


the axial 2/-configuration. The carboxyl group does not 


diacetate and subsequent hy 
~ ™~ 
~ 
~ 
; 
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so the carboxyl must be equatorial (4x) (as we had sus- 


lactonise with this hydroxyl, 
The ease of the periodic acid cleavage 


pected from the relatively easy ester hydrolysis). 
implies that the l- and 2-hydroxy groups are cis-orientated, so that the remaining 
hydroxyl must have the 1f-configuration. The steric formula for commic acid E is 
therefore VI. and the various di- and triacylates obtained by direct acylation of the 
acid or its ester have formulae VIla—d. Methyl commate E yields a single isopropyl- 
idene compound with acetone? in which the free hydroxyl group 1s readily acetylated. 
1 1,2-isopropylidene derivative (IX) in anology with the fact 


We assumed this to be ¢ 
that the periodic acid attack occurs exclusively at the | ,2-positions. 


Xa and Xb were available from LX by acid hydrolysis, and reacted with periodic acid. 


Since the 1f-hydroxyl group might be expected to be somewhat hindered by the 


The monoesters 


| la-hydrogen, it seemed likely that a direct monoesterification in the 3-position would 


be possible. In fact methyl commate E and p-toluenesulphonyl chloride gave only a 
monotosvlate. which must be allotted structure Xc 
» an unsaturated carbonyl compound containing no hydroxyl 


Treatment of this tosylate with 


collidine gave rise t 


group (1.R.), to which we assign structure XI on the following mechanistic erounds. 


rhe high degree of substitution in ring A inhibits the formation of the intermediate 
boat conformation required for a 1,2-frans-elimination” of the tosyl group with the 
2x-hydrogen atom 


A concerted reaction therefore takes place where p-toluene-sulphonic acid is lost 


and cleavage between C-! and C-2 occurs as follows : 


The dialdehyde initially formed (XII) subsequently cyclizes under the reaction 
conditions to the «/-unsaturated aldehyde (X1).° 

There finally remains to be discussed the conversion of the chlorodiacetate, now 
believed to have structure VIIla, to methyl commate D (1) by means of Raney nickel 
and hydrogen in alkaline solution. a reaction that was mentioned at the outset. 
Alkali alone gives only the chlorodiol (VIII[b) from the acetate (VIIa). With so 
many substituents in ring A, it Is almost impossible to attain coplanarity of the 
Cl-C-C-OH chain required for formation of an epoxide. To account for the simul- 


taneous dechlorination and oxygen shift under the influence of alkali and Raney 


cf. In this connection the rearrangement ol 28-hydroxy-3/-p-toluenesulphonyloxysteroid in 2 Ge 


Sheehan and W. F. Erman, J. Amer. Chem. Soc. 79, 6050 (1957) 
On account of the 1p-hyd 
fulfilled than for the reaction reported to occur in the presence of alcoholats 
steroid [R. B. Clay :. H. B. Henbest and M. Smith, J. Chem. Soc. 1982 (1957)]. For the mecha- 
1625(1957). The observed shilt of the 4.5-bond 


roxyl group, the steric requirements for this reaction are probably even better 
vith a lax-hydroxy-3p- 


tOSVIOXY 


nism. see also F. V. Brutcher and H. J. Cenci, m. & Ind 
1-38-tosvlates [cf. R. M. Moriarty and E. S Wallis. J. Ore. Chem. 24, 1274 
ntermediate generation Of a 


in 5,6-unsaturated 4,4-dimethy 
(1959)] does not occur here because the methoxycarbonyl group renders the 
positive charge al C-4 more difficult 

The observed U.V. maximum of XI (E — 13.050) accords well with that of cyclopentene aldehydes in 
the steroid series [see e.g. P. Wieland, K. Heusler and A. Wettstein, Helv. Chim. Acta 41, 416 (1958); in 


the I.R. spectrum of IX the absorption band of the ¢ H bond of the aldehyde is clearly visible at 3.67 /. 


: 
a 
4 
= 4 | JHC | 
COOCH 
y 
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nickel,’ it therefore appears as if a transition state is involved that is less exacting in 


its stereoelectronic requirements than is the formation of an epoxide by means of 
alkali. Besides methy! commate D (1), a second dihydroxyester could be isolated 
from the reaction, and since this ester did not react with periodic acid, we propose to 
ascribe to it structure XIIb. It ts conceivable that the C-Cl bond its broken under the 
influence of the la that in the alkaline solution, before the more difficult 
hydrolysis of the -j curs, an intermediate of the type XIV is formed, which 
can then give both diols (I and XIIb) by elimination of a proton from either C-! o1 


C-2 followed by hydrogenation and hydrolysis of the resulting enol acetates 


withou 


triterpenc 


— The commic acids are unusual in having all their oxygen functions around ring A 
oe Wt the cor only accompanying C-28 carboxyl group: the only other similar : 
1 Wl acids being the boswellic acids occurring in a plant related to Com 
mupnora Co nic acid I is. Inadecd migue. tor whiist other natural products wilh 
an oxygenated function at C-! are knows and recently, even some |,2,3-trihydroxy 
compounds have been described,'’* none had been positively identified until now in . 
the triterpene or related Sx-steroid series 
EXPLELRIMENTAI 
4 Mu R | 
72+ H Nic t cl 
d The eres 
R. B. Tu iJ. A 
(19 D.A D. H. R. Bar EJ. ¢ y, O. 
L. Cag Sukh Dev, P. G.I A.M SK. Pr K. Schafl S. Sterni 
F. 7 1S. To ‘ 16. 4! 
Kogag , j j 7. 898 (1959): K. Takeda. T. Kubota (Tetrahedron 10. 
ee 1 (1960), and Tokorog K. Mor B Che Soc. Japan 32, 476, 791, 796 (1959) 
— 
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and ethanol (25 ml), and the resulting solid crystallized from methanol, m.p. 329-331 


(decomp.), 
+ 63° (Found: C, 70-3; H, 8-7. Cy.H,,O, requires: C, 70-3; H, 2-87, 5-70 (vs), 
Triacetal methyl commate E (Vib). This was prepared in the same way from methyl commate I 
and purified by filtration in benzene through a ¢ y n of aluminik ystallized from methanol, 
m.p. 225-228", | 5 requires , 70-7: H, 90%) 
5-69 (vs). 5-73 


with benzoyl 


5-8; H 


vas 


acetic 


(1Xa)* (0-25 g) 


sO na 


sound (IXb), prepared in 


rydrochloric acid (1 drop) 


crys il- 


200-204"), 


pl nitat 


| commate 
I (IXa) with ben: 


from methan 


precipi ite 


5° (Found: C, 75-1; H, 


89. 2 f d ,622 Treatment of this substance 
with methanol—conc. hydrochloric acid left it unchanged; it reacted with one equivalent of periodic 
acid in dioxan solut 

p- Toluene hony comrnate E (Xc) 


toluenesulphony! chloride in pyridine and crystallized from 90°,, methanol, m.p. 191-192" (decomp.), 


This was made from methyl commate E and p- 


be. 
i 
i 
Dibenzoyl methyl cor we E (Vild). This was prepared from methyl commate E 
chloride in pyridine and crysta ed from m m.p. 193-194 4 (Found: C, 
Reaction of commic ac E with pe Cc a (lila). Commic acid E (0-095 ¢) ved in 
dioxa 20 ml) and period odtivn 0-5 M) After 24 cXcess dard sodium arsenite solution 
wa dded, and ‘ st dard ‘ edt Lexactiy one Lic! periodic 
acid Ml ved W er (U1 ) wa ind the prec crysta ed trom $0 
metha | Fo H H,.O. rec re U H, 
2:78, 5°62 no absorption at 3-5-4-0 r 57-60 uw. The dia ite was made in 
pyridine dride and cry d fro n.p. 244-24 (Found: C, 
71-6: 8 C,,H.O-; require C, 7146; H, 88°%). AS 5-64, 5-70 no absorption 
Reacti methyl mate f pe a 1Va) This was carried out tn the same way as 
e nd th co E. One equival f period d wa nsumed, ; 
ind th (1Va) ed {ro cll p. 185 a 74:2 H, 
9-7, H,.O. re re ( 44: H. 9-7 2:77. » absorpt +640 The 
aceta IVb) was ck pyridine d recrysti ed 0”, meth 199 89 
(Found: +2: H, 94: (CO)CH,, 2°99. C,.H,,O, re es: C, 730; H, 9-3 CO)CH,, 2°8°,) 
7S. §-20 at > i) 0 
Rear n of 1Va ol (V). The « sound (1Va) obtained in the previous 
et experime (0-15 g) was d ed C 20 n 1 excess sodium Dor lride. After 24 hr 
the was 1S¢ ted vd th water and ether extractio ine crystallized 4 
from metha to 235-239 Lip 85 (Found H, 9-8 H,,.O, requires C. 76°5: 
H, 2:77, 5-63, 9°71 
Lead tetraacetate itiov These were carried out by allowing the compound to react at room 
temperature w 0-1 N Pbh(OCOCH wcetic acid or acetic d-chloroform (1:1) 
Exce dard sodium arse vas then added and the tion titrated a ndard 1odine in 
the presence of Criegex n. On one oc y me comm E (0-464 g) in glacial : 
rcetic acid, the prod vas ssolated by dilutu and extract th ether. Repeated 
crvsta ration gqueo | gave 0-2 rota Dstance m.p. depressed on admix- 
ture with [Va and of identical 1.R. spectrum. Otler experiments with methyl commate E using mm 
acid-chloroform mixtures did t give crystalline materia! ‘ 
ice! vlidene met ommate E (1Xb). lsopropylidene methyl! commate E 
was treated with acetic anhydride in pyridine and the ict purified by chro graphy on alumina, 
it was eluted with benze d crystallized from methanol, m.p. 195-19¢ thn 37° (Found: C, 
73-9: H.9-8. re re C. 73-9: H.9-7%) §-71, 5:74 (no abet 2-5—3-0 1). 
Monoacetyl methyl commate E (Xa). The acetylisopropionylidene comp 
and allowed to cool to room temperature. After 301 water was added anc ee 
lized from 90 methanol. m.p. 214-215 xed liacety! methyl Commate,* m P 
f 71 nd: C. 73-4: H.9-23. C, 72:7: H, 
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iIphonate 


mi). The 


1) described 


; 


235 
O.1 


] 
ic Rei 


1¢ acetic anhydride 
mon previous experi- 
wed 


coo! ne 


methanol) 
H, 10:3 

difficult to 

nstead of 24 hr at 120 ) it had 
3; C,H,O,H,O1 


requires 


the substance XIIb described above 


e th in Leeds and Basle 

se with i la, W st ggested the possibility of a fragmenta- 
on with th late (Xc). One of the authors (A. F. T.) thanks Professor B. L. Lythgoe for 
his interest in the problem 


we 
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(Found: C. 69-2: H. S. 49. CyH requires: C, 69-5; H, 86; S, 49%). Amak 2°78, 
a. yiment of nmate E (to give The 

ilu Merch \ (40 ed with benzene and was 

H } Oso 1-4 §.9]. 13-53 
Rea Vile) wet) chioro- 
addc D Villa) was extracted with Denzene 

| ed rol ene (1:1) and 

cr d: ¢ 8: H,8& Cl, C,,H,,0,C1 

require C, 69-5: H $-9 ( 1) 5-74, 5-78 
| diacetate (Villa), prepared as 

Cc, 7 H ( 67. C,H C, 71-4; H, 95; Cl, @8%,) 

R uf Villa). D ethv! chlorocommate (0-24 g) 

re ed « 300 » The ited th ether and acetylated 

Ip c 1ine C ‘ rapned Benzene ¢ ted a i ale 

4 ace me nd: +8: H, 96. Calc. C,,.H,,O C, 73:8: H Its LR 

Spec CH¢ t of diacety LD. and hydrotys th metha 
Further ‘ ether vielded a differe we (Xi la) (60 mg) (that was 

— crystallized from petroleum ether to m.p. 210 4° (Found: C, 736; H, 96. C,sH,O 

requires: 738 H, 5-78 cry wht absorpuiol ound 2-7 On another 
aa occasion stead of the Grade Illa na nor illy taken for this wo! Woelm alumina, neutral 

Grade was use acetates were to stay ec n r48 hr. Diacetyl methy! 

a commate was eluted benzene er (9:1), but instead the d tate (Xd above, a 

monoae vas eluted with chiorotorm a g Ll + 

: 102 0-5) (Found: C, 74-9; H, 9-9. 2-65, 
spectrum nm identical with that of the diaceti 4 
: gave the diacetate Xlla 
H f monoacetate to substance X11b. The 
a. product was precipitated with water ke other diols in this series, X 
and cryst ed from aque s methanol to m.p. 204-206 

C,,H,,O, requires: C, 76-5; H, 10°4",). 2:76, 2°92, 5-85 
dry. indeed, on one occasion after drying for rat 80 and 0-05 mn 

a m.p. | 178 . and proved to be a hydrate (Found: ¢ $2: H j 

72 
+8: H, 10-4°,). It was identical in all other respects with 
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REACTION OF LEAD TETRAACETATE WITH 
STEROIDAL KETONES 
IN ALCOHOLIC MEDIA! 


Caspi, W. Scumip* and T. A. WITTSTRUCK 


June 19¢ 1) 


1 of teroid Will i aginvad KY ac ne morety and lead 


Abstract—The m product of the rea 


tetraacetate in the ( the correspond et10-esiel The 17-keto- 
4 steroids were obta d ! ir prod W ther alco s in addition to 17-ketosteroids the 
etio-esters and |7-fort ) esters ere ited Partia ice ati the ¢ hydr xyl group 
wa ilso observed Wit ertiary-butyl alcohol, C-21 acetylation and c eavage to |7-ketosteroids 


occurred 


FOLLOWING the introduction of lead tetraacetate as reagent® for the cleavage of the 
carbon-carbon bond of z-glycols the usefulness of the method was almost immediately 
realized and thoroughly explored.* The scope of the reaction was soon extended and 
among other uses it found application to the cleavage of «-ketols, «-diketones and 
z-keto acids.” Evidence was presented that cleavage of the «-keto compounds 
~ “se proceeds via pseudo glycol formation and requires the presence of water or alcohols.® 
lhe application of the lead tetraacetate reagent to dihydroxy acetone systems inalcohol- 


to be described. Steroids with a dihydroxy 


containing media ts the subject of the study 


acetone moiety at C-17 seemed to be particularly suitable model substrates for the 


investigation and were used throughout. The observed reactions, which were not 


anticipated, are presented in detail. 


P-102 and P-103. A 


This investigation was supported by grants from the American Cancer Society Inc 
portion of the results was presented at the First International Congress of Endocrinology in Copenhagen 
July 1960; Abstracts of Papers p. 1025 
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*R. Criegee, Ber. Disch. Chem. Ges. 64, 260 (1931) 

Chem. 70, 173 (1958) R. Criegee, L. Kraft and B. Rank, Liebigs Ann. 507, 159 
Chemistry Vol. 4, p. 1189. John Wiley, New York (1953): 
Oregar Chemistry p. 378. John Wiley, New York (1956) 


(1933); H. Gilman, (Editor), Ore 
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When a solution of cortisone (la) in a mixture of benzene-methanol (1 : 1) was 
treated with an excess of lead tetraacetate and left for 16 hrs at room temperature the 


recovered neutral steroids contained about 10-15%, of adrenosterone and gave (2a) in 


212-215° absorbed ultraviolet light, AMS" 238 


high yield. The pure (2a) m.p 


my (¢ 15,500), and its infrared spectrum showed bands at 3400, 1740, 1710, 1665, 1620, 


1270, 1220cm~'. The product did not react with blue tetrazolium and results of 


elemental analysis were best interpreted for a C,,H..,.0,;, compound but a C,,H,,O, 


composition, although less satisfactory, could be considered. That the compound was 


not 2, 6 or 16 acetoxy adrenosterone, resulting from acetylation of the methylene group 


‘x”* to a ketone® or to a double bond’ was evident from the presence of the hydroxyl 


* E. Seebeck and T. Reichstein, He him. Acta 27, 948 (1944); G. Erhart, H. Ruschig and W. Aumiiller, 
ingew. Chem. §2, 363 (1939); T eichstein and C. Montigel, Helv. Chim. Acta 22, 1212 (1939) F. Sond 
heimer, S. Kaufmann, J. Romo, H. Martinez and G. Rosenkranz, J. Amer. Chem. Soc. 75, 4712 (1953); 
R. L. Clarke, K. Dobriner, A. Mooradian, C. M. Martini, /bid. 77, 661 (1955); J. Herran, G. Rosenkranz 
and F. Sondheimer, /bid. 76, 5531 (1954); K. Yamakawa, J. Org. Chem. 24, 897 (1959); M. Yanagita and 
K. Yamakawa, /bid. 24, 903 (1959) 
’ R. Criegee, Liebigs Ann. 481, 263 (1930). H. Meerwein, Ber. Disch. Chem. Ges. 77, 227 (1944) 


TaABLe |. STEROID ESTERS AND CERTAIN OF THEIR PHYSICAL CONSTANTS 
2 2194 »4 16.509 )- 3-93 C..H..O 8.34 
i 
? S19 16,500 68-22 C,,H,,O 68-02 2 
th 254 O09 69-5? ( H..O 690.74 7-0? 
4197 243 15. 400 70-70 ( H..O 70-56 
Sa 162-164 242 16,700 10-85 8-9] C..H ) 8-78 
165-167 23 15.800 71-10 8-30 
Sd 238 15,500 67°18 7°84 C,,H,.O 69-21 7:74 
nS 6a 126-130 242 17,100 71-18 8-95 C..H.O 71-25 8.97 
6b 124-128 241 16.100 69-81 C..H..O 69-42 
205207 24? 17.000 68-90 8-20 C..H..O 62-27 8-19 
6d 156-158 238 16 wo 69-39 7-82 ( HO 69-21 7:74 
: 
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band in the infrared spectrum. This was corroborated by the recovery of almost all of 


the starting material upon treatment of the product for 16 hr at room temperature 
with aqueous methanolic potassium bicarbonate*-” or boiling for | hr with aqueous 


methanolic sodium carbonate.* The negative reaction observed with blue tetrazolium!” 
and the presence of a hydroxyl group, stable to chromium trioxide in pyridine," 
presumably the C-17x hydroxyl, narrowed down the area of possible changes to 
carbons 20 and 21 of cortisone (la). Results of elemental analysis indicated that the 
changes occurred without loss of oxygen, suggesting an oxidative cleavage of the 
C-20-21 bond and the concomitant formation of a neutral product probably an ester. 


That the substance was not a C,,H,,O, lactone formed by an attack of cationic 


oxygen" and extending e.g. from C-20 to C-18, was evident from the experiments 


described below and the already mentioned stability to both potassium bicarbonate 
and to sodium carbonate. The assigned methyl ester structure was proven by the 
saponification of (2a) in boiling aqueous methanolic sodium hydroxide to the etio 


acid" (2b) m.p. 270-273" and 


reesterification with diazomethane to (2a). The structure 
(2a) was also confirmed by an alternate route, whereby the ester was first saponified, 
then the excess sodium hydroxide neutralized, and the dried salt treated with acetyl 
chloride in benzene to yield 17-acetoxy-4-etiocholenyl-3,11-dione-acetyl anhydride 
(2c). The anhydride (2c) was sensitive to moisture and was hydrolyzed in aqueous 
acetone without purification, to the 17-acetoxy acid (2d) m.p. 136-138 The acetoxy 
acid (2d) on treatment with sodium hydroxide gave the acid (2d) and this with diazo- 


methane gave the ester (2a) 


Several methyl and ethyl esters were prepared by this method, and are listed in 
Table | together with certain of their analytical and physical constants. With the low 
boiling alcohols, at the termination of the reaction, the volatile components were 
removed under reduced pressure at room temperature, and the redissolved residues 
were washed appropriately. When benzene was omitted from the reaction mixture 
essentially the same yield of ester was obtained, indicating that benzene, although it 


* T. Reichstein and J. von Euv, Helv. Chim. Acta 21, 1182 (1938) 
Caspi, J. Ore. Chem. 24, 669 (1959). 
Caspi, J. Org. Chem. 21, 729 (1956). Ch. Chen and H. E. Tewell, Fed. Proc. 10, 377 (1951) 
Poos, G. E. Arth, R. E. Beyler and L. H. Sarett, J. Amer. Chem. Soc. 75, 422 (1953) 
A. Vermuelen and E. Caspi, J. Biol. Chem. 234, 2295 (1959) 
18 G. Cainelli, M. Lj. Mihailovic, D. Arigoni and O. Jeger, Helv. Chim. Acta 42, 1124 (1959); E. J. Corey 
and R. W. White, J. Amer. Chem. Soc. 80, 6686 (1958) 
Ma J. von Euv and T. Reichstein, Helv. Chim. Acta 25, 988 (1942); S. A. Simpson, J. F. Tait, A. Wettstein, 
R. Neher, J. von Euv, O. Schindler and T. Reichstein, Jbid. 37, 1200 (1954); ° E. Caspi, F. Ungar and 
R. 1. Dorfman, J. Org. Chem. 22, 326 (1957) 
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might increase the rate of reaction,'® does not alter its course. Addition of water 
seemed to inhibit the esterification considerably as shown by the increase of the yield of 
the C,, steroid 

With higher alcohols, certain interesting side reactions were observed. Because of 
the higher boiling point of the homologous alcohols (C;, C,) it was impractical to 
attempt to remove these alcohols at room temperature in a manner described for 
methanol and ethanol. Accordingly, the processing of the reaction mixture was 
modified in such a manner that the excess lead tetraacetate was first decomposed with 
ethylene glycol, then the volatile components were removed and the residue washed. 

When a mixture of cortisol (1b), n-propanol and benzene, was treated for sixteen 
hours at room temperature with lead tetraacetate, and the reaction was terminated with 


ethylene glycol, a complex mixture of products was recovered. The presence of at 


O-CH> CH>CH, 


0-0:CH 


least four major components was indicated by paper chromatography and these were 


separated in part by chromatography on silica gel rhe most polar compound isolated 


gave a positive reaction with blue tetrazolium?” and was identified as cortisol acetate 
(Ic). Although the acetylation of hydroxyls with lead tetraacetate has been reported,’+"® 
nevertheless the isolation of cortisol acetate was unexpected since it was thought that 
scission of the dihydroxyacetone moiety would proceed more readily. The next 
product was |1/-hydroxy-4-androstene-11,17-dione followed by the n-propyl ester 
(Sa). The ester (Sa) m.p. 162-164" was analyzed as expected for C,,H,,Os, its ultra- 


violet and infrared spectra were in agreement with the assigned structure and on 
' R. Criegee and E. Buchner. Ber. Disch. Chem. Ges. 73, 563 (1940) 


% K. Heusler. J. Kalvoda, Ch. Meystre, P. Wieland, G. Anner, A. Wettstein, G. Cainelli, D. Arigoni and 
0 Jeger Helv. Chim. Acta 44, 502 (1961) 
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Reaction of lead tetraacetate with steroidal « 


ace preg gave the free acid (2g). The NMR spectrum showed, among others, 
bands at 7 8-92 for the methyl and at + 5-75, 5-88, 5-97 for the —O—CH,— of the 
n-propyl group. 

The least polar product isolated (5b) m.p. 186-188" absorbed ultraviolet light 
AMCOH 240 mu (e 17,000) and exhibited strong bands in the infrared at 3450, 1745, 
1725, 1655, 1610, and 1155 cm~'. Results of elemental analysis indicated a C,,H34O, 
composition. The product, on treatment with aqueous methanolic potassium 
bicarbonate, gave the n-propyl ester (5a) and on boiling with aqueous methanolic 
sodium hydroxide the acid (2g). This suggested that esterification of one of the two 
hydroxyls of (5a) had occurred, presumably the C-17 hydroxyl, since the NMR 
The assumption 


17.18 


spectrum showed a band at 7 5-58 of an 11%-equatorial proton. 
was borne out, by oxidation of (5b) to the keto ester (Sd), characterized by the absence 
of a hydroxyl band and appearance of a ketone band at 1700 cm“! in the infrared. 
Further confirmation was provided by the disappearance of the |1«-proton band in 
the NMR accompanied by the appearance of two bands at 7 7-76, 7-72 ascribed to the 
C-2 and C-12 methylene groups “«” to C-3 and C-11 ketones."” Initially we suspected 
that (5b) was a 17-acetoxy ester but in view of the results of elemental analysis and the 
absence of bands ascribed to an acetate in the infrared and NMR spectra, this possi- 
bility was discarded. However, the NMR spectrum had, in addition to the band at r 
4-33, assigned to the proton on the double bond at C-4, a band at 7 2-08 of an intensity 
equivalent to a single hydrogen. The region at which the peak appeared indicated that 
the carbon-hydrogen bond was of a sp* type.*° These results taken together with the 
presented evidence for the esterification of the C-17 hydroxy! and the presence of an 
ester band at 1155 cm~' suggested the 17x-formoxy structure (5b) The presence in 
ethyl formate of a proton band at 7 1-97 supported the assumption and the proposed 
structure was proven by an unambiguous synthesis of (5d). [he synthesis was first 
modeled on the more accessible 17x-hydroxy-methyl ester (2a) which on treatment 
with formic acid and p-toluenesulfonic acid*' gave the 17a-formoxy ester (2h) m.p. 
195-198". The NMR spectrum of the ester (2h) showed among other bands a band at 
7 2:03, assigned to the proton on the formoxy group. In analogous manner, (Sd) was 
synthesized, by first oxidizing the 11/-hydroxy of (5a) to yield the 11-keto ester (5c) 
m.p. 615-167° which, when treated with formic acid and p-toluenesulfonic acid, gave 
the |7x-formoxy ester (5d). The ester (Sd) showed a band in the NMR at 7 2-03 and its 
infrared spectrum was identical to the product of oxidation of (Sb) with chromium 
trioxide in pyridine 

Upon treatment of cortisol in a mixture of benzene and n-butanol (1 : 1) with lead 
tetraacetate, again four compounds were obtained namely: cortisol acetate, 11p- 
hydroxy-4-androstene-3,17-dione, n-butyl ester (6a) m.p. 126-130" and 17-formoxy- 
n-butyl ester (6b) m.p. 124-128". The structure of the n-butyl ester was assigned to 
(6a) on the basis of elemental analysis, infrared, ultraviolet and NMR spectrometry 
and because on saponification it gave the acid (2g). The assignment of the 17a- 
formoxy-n-butyl ester structure (6b) was based on elemental analysis spectroscopic 


17 J. N. Shoolery and M. T. Rogers, J. Amer. Chem. Soc. 80, 5121 (1958) 

18 F, Caspi, W. Schmid and B. T. Khan, J. Org. Chem. 26, 3898 (1961). E. Caspi, B. T. Khan and W 
Schmid. J. Ore. Chem. 26, 3894 (1961) 

19 J. S. G. Cox, E. O. Bishop and R. E. Richards, J. Chem. Soc. 5118 (1960) 

20 J. A. Pople, W. G. Schneider and H. J. Bernstein, High Resolution Nuclear Magnetic Resonance p 
McGraw-Hill, New York (1959). 

1 E. P. Oliveto, C. Gerold, R. Rausser and E. B. Hershberg, J. Amer. Chem. Soc. 77, 3564 (1955). 
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evidence and NMR spectrometry which showed a band at 7 2-08 of the 17z-formoxy 

group 
It was then of i gate the course of the reaction with a secondary and 
tertiary alcohol isopropanol and tert.-butanol 
ixture of isopropanol and 
ione and 172-formoxy- 


isopre ester was probably also 


ol 


; 4 
hand e fort i ha is at 1.30 
oO obtained. With cortiso 
tert ctal Cort cl VaroXxy 
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ict cdiat« \ite it was sugges ed 
t f the ent CH,COO 
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¥-ketols, x-diketones and z-keto acids was considered to proceed through pseudo- 


glycols or pseudo hemiketals and evidence for such a mechanism, was derived from the 


acceleration of the bond scission by water and alcohols.® 

The results reported in this paper indicate that the oxidative cleavage of the 
dihvdroxy acetone moiety 1s most probably a stepwise process in which the initial 
21 bond. The easier formation of a lead glycolate 


attack takes place at the C-20- 
C-20-21 bond, rather than the con- 


intermediate, encompassing the more accessible 
17-20 bond and the tertiary, sterically rigid 17x-hydroxyl 1s undoubtedly the 
reason for the preferential attack on carbons-20-21. When the C-20-21 bond could not 
an acetoxy group at C-21 Le. in 6a-methyl- 
prednisolone acetate | medrol acetate), the C-17-20 link was ses ered and 6a-methyl-11p- 


hvdroxy-4-androstene-3, | 7-dione was obtained in good yield In this connection the 


gested C- 


he cleaved because Ol the presence ol 


survival of cortisol acetate formed during the reaction ts of interest 


The formation of «-hydroxy esters can be rationalized by assuming an initial attack 


of the alcohols on the C-20 carbony! and the subsequent cleavage o! the resulting 


hemiketals.” The reaction Is arrested at that point, because of the stability of z-hydroxy 


gent. as evidenced by the recovery of all the starting 


esters to further attack by the reag 


material upon treatment of a methanolic solution of (2e) with lead tetraacetate. There 
vas also the possibility although remote, that the reaction n ight have proceeded via 


the initial formation of the ctio acid subsequently esterified by the alcohols present.* 
his sibilit was exciudgaed pecaus vhen Lie acia (20) vals treatc with lead 
f benzene and methanol (1 : 1). 11 6-hydroxy 4-androstene-3, 


1-androstene- 


} dione as the main product o! reaction of cortisol (1b) and lead tetraacetate ina 
‘tion of dry tertiary butan | and benzene. and the ; bsence of the tertiary butyl- 
rol t up the questior ether the presence ol alcoho! is prerequisite for the 
D $10 Indeed, t ea vill take place in the absence o! alcohol or water 
tetrahydrofuran, the main pt being adrenosterone 11 8-hvdroxy-4- 

idation of the | hvdroxyl with lead 


at room 


acetone 


Initially it 


‘ ntt | pounds C artifacts, from the use of etnhyiene ely ol for the 
aec osiuon KC s lead tetraacetal o test this point cortisol wi treated with 
ead tetraacet n ropanol and benzene a! it the terminatio! of the reaction, the 
reagent was dec nosed with s ir dioxide instead of ethviene glycol. The 
product | ted was 17x-formoxy-isopropy! ester (0c), thus providing 
dence that these esters were not arti! icts and that c: rbon-2!1 was nresumably the 
source of the formoxy group It might be of interest, that no traces of the formoxy 


ester were 


(2e). The possibility that formaldehyde, derived from C-21. was first oxidized, and the 


ferentially with the 17x-hydroxyl ts unlikely in 


so obtained formic acid then reacted pre 


1g for suggesting this possid lity to us 


We wish to thank Prof. W. von E. Doeru 
\. Bowers and I Denot, J. Amer Chem. Sow 82, 4956 (1960) 
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Work is in progress on 


view of the large amounts of alcohols present in the medium 


the elucidation of the mechanism of the observed reactions 


EXPERIMENTAL” 


(2a) 
rene(1:1),60 ml, lead tetraacetate, was added 
ne dark The ments were 


ethyl acetate 


saline solution, 


pt asc 


and acidic 


chromium 


nroce 
p cessed 


were 10-00 


New York and Dr. S. M. Nagy, Massa 


(a) To a solution of cortisone, 2 g, inmethar 
removed at room t« pera der reduced pressure and the residue was dissoived 
ie and water. The organi ise was washed \ vater, | N sodium carbonate solution, Ei! ee 
ey dried over sodium sulfate and ¢ ¢ ited to a crystalline s (1-98 g). Chromatography on paper 
indi cs cd a Of (Za) ce | ated by about 10-15 of adreno- 
hee J ster e and traces of other substances One crystallization from chiorotorm-—methanol-ether removed 
— A sa we Was crysta ed seve l es from methanol-ether and showed a m.p. 212-215 / e 
WH 15.500) 3400. 1740. 1710. 1665. 1620. 1270. 1220 cm 
(Found: C, 69°88, 70-00; H SS. Cak C. 6) H 
(b) A methanolic j hydroxy-4-ctioc enic acid-3,1 1-dione (2b) was treated with an 
excess of an ¢ diazome ec. Ren eft a crystalline residue of (2a) 
d \ etha Na reale i soluLION potassium 
bicarb it ic After | emper the Stal g material was recovered 
oe: An 00 me (2a), 20 rm d2n N sod carbonate was boiled for | hr, then ou 
“ most of the me emoved under reduced pre e and water was added. The aqueous gig eae 
was acidified, then extracted ne¢ etate ex t partitioned into neutral 
As SO 0-5 ml p line fin 
3 trioxide 0-5 i line a is left for ratr n te erature. The mixture was eee ie 
‘ (la) ethanol and 5 2N sodium hydroxide was boiled : 
under P " ‘ ctate gay 2b 
ib) A SO 10 cated of a stoch of 
pave 
aie nfrared sp 1 of the eC R ere kK ca 1 had banc $80, 3200, 2650, 1720 
‘ 1705. 1640. 1600 cm 
17-Acet $-efiocholenic a ne (2c) 
i mixture b } Tere en | 2 The exce ydroxide eutralized with 
0 dre 
\ ( re used 
Se. use 0 ( 0 \ H Resolution NMR spectrometer Mode 
together with a He ctronic counter mode 21CR. results are expressed r units 
10°. Analyses were made by kopf Microanalytical Laboratorie 
husctts Institute of Technology, Cambridge, Mass 
2 
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2 N hydrochloric acid, then the volatile components were removed under reduced pressure. The 
resulting mixture of salts was pulverized then dried for 16 hr at room temperature in high vacuo and the 
drying was continued for 5 more hours at 130-140°. Dry benzene, 25 ml, and acetyl! chloride, 1 ml, 


were added and the mixture was boiled for 2 hr with the exclusion of moisture. The volatile compon- 


ents were removed in vacuo, and the remaining traces of acety! chloride were removed by distilling the 


mixture several times with dry benzene under reduced pressure. The residue contained the mixed 


anhydride (2c) as evidenced by the infrared spectrum which showed bands at 1830, 1750, 1720, 1665, 


1610, 1250 cm 
The solid was dissolved in 20 ml acetone, 2 ml water, was added and the mixture was left for 16 hr 


at room temperature. The acetone was removed under reduced pressure and (2c) was recovered with 


ethyl acetate (160 mg) 


“MeO! 
A sample was crystallized several times from ethyl acetate and showed a m.p. 136-138"; AQ 
238 mu ( 15,000), 3200 (broad), 2650, 1760, 1715, 1665, 1615 cm 


(Found: C, 67-83, 67-69; H, 7-53, 7-33. Calc. for C..H..O,: C, 68°02; H, 7-27°%) 


lihydroxy-4-etiocholenate-3-one (2e) 


A mixture of cortisol, 57 mg, methanol: benzene (1: 1), 4 ml, and lead tetracetate, 200 mg, was kept 
for 16 hr at room temperature and then was processed as described for (2 


a) to yield a crude crystalline 


residue. The residue was crystallized from ethyl acetate-ether-neohexane and 47 mg of (2e) was 


obtained 
from the same solvents and showed a m.p. 192-194 


4 sample was crystallized several times 
eax, 241 mye ( 16,500) vr®®" 3650, 3500, 1750, 1660, 1620, 1260 cm 
(Found: C, 69-30; H, 8-23. Calc. for C.,HeO,;: C, 69-58: H, 8-34°,) 


To a solution of 205 mg cortisol in 10 ml aqueous methanol (1:9), 1 ¢ lead tetraacetate was added 


and the mixture was left for 16 hr at room temperature in the dark. The mixture was processed as 
described for (2a) to vield 165 my oO! a neutral rc jue The residue consisted of aimost equal amounts 
of (2e) and 11$-hydroxy-4-androstene-3,17-dione as evidenced by paper chromatography The 
quantities of the compone C ed fi the darkening of the spots hen observed 
under an ultraviolet lar p ind were compared ) dard mixtures 

To a solution 100 me of the ester (2e). in methanol—benzene (1:1), 1O ml. lead tetra icetate, 600 mg, 
was added and the mixture was left for 16 hr at room temperature. After processing of the mixtureall 
of the starting materi vas recovered 


To a solution of cortisol, 210 mg, in methanol, 10 ml, lead tetraacetate, | g, was added and the 


mixture was left for 9 hr at roon temperat Ire the dark The methanol was removed a stream of 
nitrogen at room temperature ren etnyi acetate wa 1dded and the mix re was washed with water, 
2 N sodium carbonate 1 Saline solu dried id ncentrated (211 mg The residue was crvstal- 


lized Irom 


Ethyl-17x-hy 


A mixture of 200 meg cortisone (la). 8 ml benzene: ethanol (1:1) d lead tetraacetate | g was kept 


(%a\t id? 
in the dark for 16 hr at room temperature and then processed as described for(2a)to yield 201 mgof a 
neutral residue which was crystallized from ethyl ac te—ether 
A sample was cryst d several times from ethy cetate and showed a m.p. 18 83 


1755, 1720, 1665, 1620, 1260, 1220 cm 


237 mu. 15,200) $500 
C, 70-66: H, 7°86. Calc. for C..H,,O C, 70:56; H, 8-08",) 


(Found: 


| 


ol (1:1), 20 ml, and lead tetraacetate, 1-3 ¢ 


4 mixture of prednisone (3a), 265 meg, benzene: metha 
: 


was kept for 16 hr at room temperature and then was processed a lescribed for (2a) to yield 258 mg of 


a neutral residue which was crystallized frot 


3. R. Neher, Chromatographie n sterinen Steroiden und verwandte Verbindungen p. 66. Elsevier, Amsterdam 
(1958); R. Neher in Chromatographic Review (Edited by M. Lederer) Vol. 1, p. 163. Elsevier, Amsterdam 
R. Neher and A. Wettstein, J. Clin. Inve 35, 800 (1956); L. M. Reineke, Analyt. Chem. 28, 1853 


E. Bush, C. H. Gray and J. B. Lunnon, J. Endocrin. 9, 401 (1953) 


(1959): 
(1956); C. DeCourcey, | 


A 
A 
: 
: 
é ME, mixture of methanol and ether to yield 170 mg of (2e) in two crops 
) 


Caspt, W. Scumip and T. A. WIiTTsTRUCK 


A sample was recrystallized from methylene chloride ethanol to a m.p 206-209 : . 240 my. 


(©15,000); vX®" 3580, 1745, 1705, 1670, 1625, 1605 cm 
(Found 70:26; H, 7 Calc. for 


ydroxy-|,4-etivochola ione (4b) 


(a) ion of 


il methanol and 2 mi 0-5 N sodium hydroxide was 
boiled 


xl 


aceta 


in walter 
solutior 
A sa 


(b) and water, 0-8 mi, 
was ker 


vas then diluted with water, 
extracted with ethy 


cetate and the organic phase was washed with saline 


dried and concentrated 


to vield 43 mg of crude (5a) 


A solution of the ester (Sa), 25 mg, in methanol, § ml, containing | ml of 2 N sodium hydroxide 
was boiled for 2 hr under nitrogen, and the acid (2g) was recovered with ethyl acetate. 


gees 
and Was partit oned neutral and acidic actiol to yield ms cid (40) 
hau b) To a solution of pred e, 100 ethanol, 25 ml, a so f periodic acid, 100 mg, Ee tS 
hogs 3 was added and nixture was stored in the dark at room temperature for 3 hr. The er mee 
Me : vas CONCE ited at reduced pressure at room temperature to yield the acid (4b) - 
Was CI edit eu ) wed with prior softening at 24 
=9 m 15.000) 3580. 2700, (broad) 720. 1700. 1650, 1600 (strong) cn 
(Found: C, 69°52; H, 68 Calc. for C,,.H,,O ov H 
As tion Of Ox-me yi preanis e (3b), 2121 1 Ox enc cthano 1), 20n and icad 
tetraacetate rox ne ire viens was added and alte 
phase was wasne ih wate 1sodiu ird il out dried concentrated 
\ samp ed seve times tate showed a ». 194-197 / 
Fo ¢ 0-70: H. 7-9¢ ( c.f ( ( ) 
-Propyl-\1B-hydroxv-17 x-f ry-4-etiocholena Sb) 
Ais. 1145 NMR 4-33 5.9)? 60 8.54 8-9 
(t md: C. 68-73. 68-7 H 8-04. Calc. for C,,H,O 27: H. 
Propyi- 17x-dih 4-etiocholenate-3-one (Sa) 
| sup ce wa i if wn iract La tne avd capermme \ r scverai cry il- 
za rom et i ite | ester (Sa) showed a m.p. 16,700) 
1870 1740 14650 1610 NMR 1-33. 4 6.76 6.22 $.07 7-47 &-Sé )? oo! 
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Propyl-\7a-hydroxy-4-etioc holenate-3,\1-dione (5c) 


A solution of the ester (Sa), 98 mg in pyridine | ml, was added toa suspension of chromium trioxide, 
100 mg, in pyridine, | ml, and was left for 8 hr at room temperature. The solution was processed as 


previously described'? to yield 76 mg of (Sc) 


A sample was crystallized from methylene chloride hexane and showed a m.p 165-167 


239 mu, { 15.800): 


8-57, 8-92, 9-04, 9-17, 9-29 
(Found: C, 71°48; H, 8-09 


3550, 1725, 1700, 1665, 1600 cm='. NMR 74-28, 5:74, 5-83, 5 


Propyl-17x formox y-4-etioc holenate- 3,1 |-dione (5d) 


(a) A solution of 22 mg (5b) in 0:2 ml pyridine wi dde nsik f 25 mg chromium 


trioxide in 0-3 ml pyridine and was left for 8 a oO rat 1 ure was processed as 
previously described and 15 
(b) A mixture the h i toluenesulfonic acid, 
20 mg, was refluxed for 3 hr ar el ) i ( nperature itiie components 
were removed lé I a Wa | tu tner— rethylene 
chloride (3 1 reduced 
residue (52 meg he svrup was d ved thy ilk ‘ 1 with charcoé nd on concen- 
oncentrated to a 
syrup and 
A samp 
(¢15,500); 1720, 1700, 1660, 1605, 1150,c 
9-13 


16 hr 


rided | 
androste 


eth 


2411 


most 
(6c) 

(b) 
left for l6hra mperi in the dark The 
200 ml, and a ‘ ea ulfur dioxide passed >p ted solid was filtered, washed with a 
mixture of chloroform ether (1 id discarded iltrate was washed with wat 1 sodium 
bicarbonate solution, a saline solution dried and concentrated The residue was crystallized from 


ethyl! acetate to yield 115 mg of (6c) 


L 
) 
j 
Calc. for C.,H,,O 1:10: H, 830°.) 
| 
(Found: C, 69-18; H, 7°84. Calc. for C,,H .O,: C, 69-21; 
q -17 forme y-4-etiocholenate-3-one (60) 
oo. 4 mixture of cortisol (1b), 2 g, benzene { ino! (1:1), 200 ml, lead tetraacetate, 10 g, was keptior 
at room temperatur 1 the Processes rom ca gel exactly as 
wi(Sb). 7 € es | n the pti og We bined in four major 
3, 17-d vere ted respec ery ita pota}l rac | Cl tall 1 tron 
acetate e (6D 
A sample w c ed several times trom ¢ ite and § | Lo 
16.100) 3550. 1740. 1655. 1605 cr NMR + 2-02. 4:32. 5-54. 5-78.5-88. 5-98, 8-08 
(Found: C, 69-81; H, 8°50. Calc. for ¢ H, 83 
n- Buty 1] 17 ry te- 
MeOH 949 17109) 3520. 1730 10, 1609 cn 
nd: ¢ 1-18: H, 8-95. Calc. for C.,HyO;: ¢ 1-25: H 
(a cort ¢ OproT be ene eactell Cla iS leit 
16 hr erature the dar} th cK ! ) cl and 
} } Ssh | ro re 
comobin 1 according to content into three major fraction C ortusol acetate was oodtained irom the 
ie 


Caspi, W. Scumip and T. A. WITTSTRUCK 
KBr 


sample was crystallized from methanol to a m.p. 205-207 942 my, (¢ 17,000); 
3480, 1735, 1750, 1620, 1160 cem~'. NMR + 2-08, 4:30, 4-92, 5-03, 5-54, 7-67, 8-56, 8-68, 8-73, 8-78, 8-84, 
C.,H,,0,: C, 68°87; H, 8-19° 


9-00 
H, 8-17, 8:20. Calc. for 


(Found: C, 68-64, 68-90: 


Isopropyl-17x-formoxy-4-etiochole nate-3,11-dione (6d) 
A solution of the ester (6c), 43 mg, in pyridine, 0 3 ml, was added to a suspension of chromium 
trioxide, 48 mg, in pyridine, 0-4 ml, and was agitated for 3 hr at room temperature. Ethyl acetate was 
nixture was filtered and the filtrate washed consecutively with water, 2 N hydrochloric 
ion then dried and reduced to a residue 


added, the 1 


acid, water, a 
The residue was 


a Saline soiut 
ve column was eluted with benzene, 


m bicarbonate 
Eluates of benzene 


solution of 
1 on silica gel (lg) and 1 


adsorbed f 
rm and chloroform ethyl acetate mixtures 


} 


(35 mg) 
rofo 


benzene—chlor 

(1:3) gave 29 mg 

hyl acetate to a m.p. 156-158°; 238 my, | 16,300) ; 

NMR + 2-03, 4-25, 7-64, 7-71, 75, 8:78, 8-85, 9-29 
for C,,H,.O 69-21; 7-74°,) 


form mix res 


chlorotorn 
iS crvystallizec om ect 
1650, 1605, 1155 8-59. 8-67_8 


H, 


l-dione (2h) 


25 mg, was 


200 me, forn . 30 mi, p-toluenesulfonic acid, 2 
{ residue dissolved in a 


he 
olution of sodium 


ocessed a 


i showed a m p 260-262 with a 


BF 3600, | 


acetate 
100) 725. 1650. 1620. 


9g? 


1600 on 
(Fou 


these invest iwatlions 


The authors wish to thank Dr. H. J. Ringold of this Foundation for stimulating 


ledve 
discussions of the results and read of the man ISCript The steroids used 
were obtained from the Cancer ( hemotherapy National Service Center, U.S. Public Health Service 
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ae 
Methyl-17x-formoxy-4-etiocholenate-3 
4 mixture of the methy! ester (2a) 
mixture of ether-<« rm (3:1) and the solution was washed with w 
bicarh ilc cso en dried and conce rated » vield | U me ot (2h) 
A sample was cryst d sever es from methviene chioride ether to an P 195-198 = 
732 m 16.500 SO. 1725. 1700. 1670. 1610. 1155 cm NMR 2-03. 4:96. 00 
7-92 7-67 7-70. 8-99 
(Found: ¢ 8-2 H 21. « for C,.H,.O,: C, 68-02: H 2 ) el 
‘7 ‘ > 
(a) iD i iso nol period d, 1-059, in water 
On i i xture left for 3 empera e in the dari The mixture was ther 
erad ected j 
| KV este 14 ethanol, 10 mil. 2 N normal sodium 
c rile der Or The ed mixture 
\ cetate to 140-244 243 
( 8-62: H, 8-12. ( H..O 68-94: H, 8-10".) 
dded react irked up ner to yield 
Lip-Hyd 6x-methyl-| { ne-3,17-dior 
\ | rk y cad cdl cetate) (3c) 250 me benzene—methano j 
2 leax icetate ke r 16h room temperature in the dart The 
j reactio vas ter ited < c and was previously 
described eid 210 e crude | /-ketosteronm 
i \ samp . ed ra n fro thy! 
change ol crys structure al d f 242i 
NMR + 2-63. 2-80. 3-66. 3-81. 3-95. 5-37. 7-92. 8-16. 8-53. 8-83. 
nd: ¢ 627: H, 8-15. Calc. for C,,.H.O,: 640: H, 834°.) 
we 
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ERRATA 


D. Dvornik and O. E. Epwarps: The structure of ajaconine, Tetrahedron 14, 54-75 
(1961). 


1. Structures XXXVIII, XXXIX and XL, as below, should be substituted for the 
structure XXXVIII on p. 64. 


Ac 


XXXxVIII XX XTX 


The structural formulae on p. 65 should be renumbered to read: XLI, XLII and 


XLII. 


Only the left hand formulae on p. 66 should be numbered XLIV. 


p. 61, 7th line from bottom: “ally” to read “allyl”. 
p. 63, 2nd line from bottom: “XL” to read “XI”. 
p. 69, 4th heading: “XXVI" to read 

p. 72, 3rd heading: “XLI” to read “XXXIX”. 


ERRATA 


JEAN-MARIE CONIA et FRANCIS ROouESSAC: Cycloalcoylation ouveau mode de 
synthese des decalones-!. Tetrahedron 16, 45 

l. p. 46, last paragraph th lin ifter “rr “voir aussi F. Winternitz et 
C. Balmossiere, Tetrahedron 2 
p 58. 2nd line from bottom: “faut note jue la reaction de ces derniers avec les 
magnésiens est vraisemblablement une addition-1,4 (ce qui n’apparait pas dans les 
formules II et II’). Voir A. S. Dreiding et S. N. NickeL, J. Amer. 
Chem. Soc. 76, 3965 (1954) 


M. E. BaLpwin, I. R. C. Bick. A. A. KomMZAK and J. R. Price: Some ketones 
from Acradenia franklinii. Tetrahedron 16, 206. 


p. 210, 4th paragraph, (d) By chromatography: Compound D should read 12mg. 
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